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ABSTRACT

A phosphotyrosyl-protein phosphatase. designated
pTPIII, was purified to near homogeneity from soluble extracts
prepared from 11-day old chicken embryo bodies. SDS—-PAGE
analysis suggested that this pTP activity correlated with the
presence of a 58 kd protein band in affinity purified enzyme
preparations. The purified protein exhibited biochanmical
characteristics in common with a phosphotyrosyl-protein
phosphatase purified from human placental protein extracts,
pTP1B (Tonks et al, 1988a; Pallen et al, 1991), and thus may
represent the chicken hcmolog of this protein.

Two partial cDNA clones encoding phosphotyrosyl-protein
phosphatases were also isolated. Both code for members of the
transmembrane class of tyrosine specific protein phosphatases,
and thus probably bear no relation to the pTPIII and pTPI
activities purified from soluble protein extracts. One cDNA
appeared to encode the COOH-terminus of the chicken homolog of
1AR, while the second seemed to code for the chicken homolog of
PTP-zeta. Two cDNAs encoding PTP-zeta were isolated, however
the evidence presented suggested that both clones were likely
derived from incompletely processed nuclear RNAs.

iii



Acknowledgements

I am deeply indebted to Dr. P. E. Branten for all of
the help and support given to me throughout the course of my
studies and for putting up with my sometimes erratic and moody
behaviour. It was a great pleasure to work and play with the
Branton Bunch.

A great deal of thanks is owed to Michel Tremblay, Sou
Puk Yee, Jane McGlade, Dan Dument, David Dankort, Steve Whelan,
Whynn McLorie, and Joe Lee for all of their advice and support.
It was a pleasure to work with such good scientists, and to
enjov the company of such special friends. I already miss
talking scien-e and bitchin' at the Phoenix.

A special thanks to Josie Maljar for being such a good
friend, as well as for all of her help cutting through red tape
and dealing with paper work. I also enjoyed talking baseball
(Go Jays Go!) and hockey with Josie, in spite of the fact she's
a leaf fan (Go Habs Go!).

I would also like to thank all of the students and
faculty members of the Cancer Research Group at McMaster
University for providing me with a friendly and supportive
environment in which to work.

Finally, I would like to thank my family, especially my
father, for their patience and support throughout the course of
ny academic career.

iv



TABLE OF CONTENTS

Chapter Pzge
1. Introduction 1
1-I. Tyrosine Kinases 3
Ia. Growth Factor Receptor pTKs 3
Ir. Nonreceptor pTKs 5
1-II. Tyrosine Kinase Substrates 11
IIa. Phosphorylation of Serine Specific Kinases 11
IIb. Phosphorylation of Intracellular Signaling
Proteins 15
IIc. Phosphorylation of Nonreceptor pTKs 17
IId. Phosphorylation of SH2 Domain Containing
Proteins 18
ITe. Phosphorylation of Cytoskeletal Proteins 1%
1-IIXX. Phosphotyrosyl-Protein Phosphatases 22
ITTa. Transmembrane pTPs 24
IIIb. Nonreceptor pTPs 32
IIIc. Regulation of Cell Growth by pTPs 38
2. Materials and Methods 42
2-I. Chemicals and Reagents 42
2-IX. Animals 43
2-IIX. Cell Culture 43
2-IV. Bacteria and Bacteriophage Culture 44
Iva. E. Coli Growth 44
IVb. Growth and Isolaticon of Lambda gtlil
Bacteriophage 45
2-V. Preparation of Chicken Embryo Bodies
for Phosphatase Purification 45
2=VI. Preparation of Reduced Carboxyamido-
methylated and Maleyated Lysozyme 45
2-VII. Preparation of Receptor Tyrosine Protein
Kinases 46
2-VIII. Preparation of 32P-Labelled Substrates 47
VIIIa. 32p-Labelled Phosphoseryl-Casein and
Phosphotyrosyl-IgG 47
VIIIb. 32p-Labelled Phosphotyrosyl-Enolase 47
VIIIc. 32p-labelled RCM-Lysozyme 49
2-IX. Preparation of Thio-Phosphotyrosyl RCM
Lysozyme Sepharose Column 51
2-X. Protein Phosphatase Assays 51
2-XI. Purification of Phosphotyrosyl-Protein
Phosphatases 52
XIa. Purification of pTPIII 52
XIb. Purification of pTPI 54
2-XII. Calmodulin (CAM) -Agarose Chromatography 55
2-XIII. Protein Determination 56

v



2-XIV. Electrophoresis 56

XiVa. SDS-PAGE of Proteins 56
XIVb. PAGE of DNA Fragments 56
XIVc. Phosphoamino Acid Analvsis 57
XIVvad. DNA Agarose Gels (33
XIVe. DNA Sequencing Gels 58
2-XV. DNA Sequencing Reactions 58
2-XVI. Purification of DNA Fragments s9
2-XVII. Plasmid Isolation 60
ZXVITa. Small Scale Isclation of Episomal DNA 60
XVIIb. Large Scale Isolation of Episomal DNA 61
2-XVIII. Unidirectional Deletion of Plasmids 61
2=-XIX. Screening of Lambda gtll cDNA Library €2

2-XX. DNA Amplification of DNA Using the
Polymerase Chain Reaction 3

3. Biochemical Analysis of Chicken Embryo Phosphotyrosyl-

Protein Phosphatases 64
3-I. Purification of Phosphotyrosyl-Protein
Phosphatase 65
Ia. Phosphoamino Acid Analysis of Substrates 65
Ib. The Effects of Chelators on the
Purification of pTPs by DEAE- and CM-
Cellulose Chromatography 68
Ic. Purification of pTP Activities from
Chicken Embryos 72
Id. Purification of pTPIIX 74
Ie. Purification of pTPI 92
3-II. Relationship of Chicken Embryo pTPs to
Calcineurin 96
3-III. Relationship of Chicken Embryo pTPs to
Acid and Alkaline Phosphatases 99
3-1IV. Relationship of Chicken Embryo pTPs to
~ Phosphoseryl Phosphatases 104
4. Isclation of Phosphotyrosyl-Protein Phosphatase
cDNA Clones 106
4-I. Isolation of Clones H3 and E4 107
4-IT. Isolation of Clones Containing E4 S5°
Seguences 111
S. Discussion 141
5-I. Purification and Characterization of a
Nonreceptor Phosphotyrosyl-Protein
- Phosphatase 141
5-II. Isolation of Phosphotyrosyl-Protein
Phosphatase cDNAs 149
5-IIXI. Conclusion 154

vi



References

fcpendix: Identification and Purification of Multiple
Species of Chicken pTP Activities

Introduction
Results and Discussion

155

178

178
i7¢9



LYIST OF FIGURES

FIGURE

IXXa. Schematic Comparison of Known pTPs

1.
2.
3.

14.
1s.
16.

17.
ls.
1s.

20.
Al.
A2.
aA3.

a4.
AS5.

Phosphoamino Acid Analysis of Substrates

Separation of pTPs by Ion Exchange Chromatography I
Separation of pTPs by Ion Exchange Chromatography II
Chromateography of pTPs on Cibracon Blue 3GA Agarose
Chromatography of pTPIII on Sephacryl S$-200
Chromatography of pTPIII cn Poly-Lysine Sepharose
Chromategraphy of pTPIII on Thio-Phosphoryl-RCHM
Lysozyme Sepharose

SDS-PAGE Analysis of Purified pTPIII I

SDS-PAGE Analysis of Purified pTPIXII IIX

SDS-PAGE Analysis of Purified pTPI
Calmodulin-Agarocse Chromatography of Partially
Purified pTPIIIX

Restriction Digest Analysis of H3 and E4 Clones
Homology Comparison of the Amino Acid Sequences of
H3, Human LAR, and Drosophila LAR

PCR Analysis of Posl and Pos2 Clones

Restriction Digest Analysis of Posl and Pos2 Clones
Schematic Comparison of the E4, Posl, and Pos2

CDNA Clones

Nucleotide and Deduced Amino Acid Sequence of Posl
Nucleotide and Deduced Amino Acid Sequence of Pos2
Homology Comparison of the Amino Acid Sequences of
Posl, Pos2, and EPTP zeta

Schematic Compariscon of the HPTP zeta, E4, Posl
and Pos2 Proteins

Chromatography of DE-S2 Batch Purified pTPIII on
Cibracon Blue 3GA Agarose (Large Scale)
Chromatography of pTPIIIb on Poly-Lysine Sepharose
SDS-PAGE Analysis of Purified pTPIIIa

SDS-PAGE Analysis of Purified pTPIIIb

SDS-PAGE Analysis of Poly-Lysine Sepharose Purified
pTPIIIz, pTPIIIb, and pTPIIIb'

viii

27
67
70
76
79
g1
83

86
88
90
95

101
109

113
116
119

122
124
128
134
138
igl
184
188
190

194



LIST OF TABLES

Table

Iva. Bacter.a and Bacteriophage Strains

1.
2.
3.
4 -
5.
Al.
A2.

Effect of EGTA and EDTA on pTP Activity
Purification of pTPIII

Purificaticn of pTPI

Biochemical Analysis of pTP Activities
The Effect of pH on pTP Activity
Purification of pTPIIIa

Purification of pTPIXIIb

ix

44
73
91
a3
98
103
185
186



LIST OF ABBREVIATIONS USED

a.a. Amino Acid

ATP Adenosine 5'-Triphosphate

bp Base Pair

BSA Bovine Serum Albumin

*C Degrees Celcius

caM Calmodulin

CAMP Cyclic Adenosine 3',5'-Monophosphate

CD Cell Determinant

cdc Cell Division Control

cDNA Complementary Deoxyribonucleic Acid

CEF Chicken Embryo Fibroblast

ci Curie

cm Centimeter

M Carboxymethyl

COOH Carboxy

CPM Counts Per Minute

CsCl Cesium Chloride

CSF-1 Colony Stimulating Factor 1

dATP Deoxyadenosine Triphosphate

DAG Diacylglycerol

DEAE Diethylaminocethyl

DNa Deoxyribonucleic Acid

DTT Dithiothreitol

EDTA Ethylenediaminetetraacetic Acid

EGF Epidermal Growth Factor

EGTA Ethylene Glycol-bis(beta-aminoethyl
ether)-N,N,N! ,N'-tetraacetic Acid

FGF Fibroblast Growth Factor

fm ' Femptomolar

FN-III Type III Fibronectin

g Gravity

GAP GTPase Activating Protein

GTP Guanosine 5'-Triphosphate

HC1 Hydrochloric Acid

HEPES N-2-hydroxyethylpiperazine-N"-2-
ethanesulfonic Acid

HPTP Human Phosphotyrosyl-Protein Phosphatase

Ho0 Water

hr Hour

IgG Immunoglobulin

IGF Insulin-Like Growth Factor

IP3 Inositol 1,4,5 Triphosphate

ka Kiledalton

1 Liter

IAR Leukocyte Common Antigen Related Protein

LB Iuria Broth

IC Lung Cell Carcinoma

LCA Leukocyte Common Antigen

MAP-2 Microtubule Associated Protein 2

mei Millicurie

X



LIST OF ABEREVIATIONS (CONT.)

2-ME 2-Mercaptoehtanol

ng Milligram

MHC Major Histocompatibilty Complex

min Minute

MgCl, Magnesium Cloride

ml Milliliter

mM Millimolar

MnCl, Manganese Chloride

mRNA Messenger Ribonucleic Acid

NacCl Sodium Chloride

NaOH Sodium Hydroxide

ng Nanogram

NGF Nerve Growth Factor

NH» Amino

nM Nanomolar

NP-40 Nonidet P-40

PAGE Polyacrylamide Gel Electrophoresis

PBS - Phosphate Buffered Saline

PDGF Platelet Derived Growth Factor

PFU Plaque Forming ©Unit

PI 3 Phosphatidylinositol 3 Phosphate

PIP2 Phosphatidylinositol 4,5 bisphosphate

PXA CAMP Dependent Protein Kinase

PKC Protein Kinase C

PLC Phospholipase C

pm Picomolar

PMSF Phenylmethylsulfonyl Floride

Polya Polyadenylate

PNPP p-Nitrophenol Phosphate

p-ser Phosphserine

PSK Serine Specific Protein Kinase

PSP Phosphseryl-Proteln Phosphatase

p-thr Phosphothreonine

PTK Tyrosine Specific Protein Kinase

pTP Phosphotyrosyl-Protein Phosphatase

p-tyr Phosphotyrosine

RCC Renal Cell Carcinoma

RCM Reduced Carboxyamidomethylated and
Mayelated

RNA Ribonucleic Acid

RSV Rous Sarcoma Virus

SDS Scdium Dodecyl Sulphate

sec Second

SH2 Src Homology Domain 2

SH3 Src Homology Domain 3

TAE Tris-Acetate Buffer

TBE Tris—-Beorate Buffer

TCA Trichloroacetic Acid

TE Tris-EDTA

TLC Thin Layer Chromatography

xi



LIST OF ABBREVIATIONS (CONT.)

Tris (hydroxymethyl)aminozethane
Microgram

Micreoliter

Micromolar

Ultraviolet

weight

volunme -

Volt

xii



CHAPTER 1: INTRODUCTION

Phosphorylation has become accepted as one of the major
mechanisms whereby protein- - function 1is regulated within
eukaryotic cells. Cellular events shown to be regulated, at
least in part, by phosphorylation of key proteins in the
pathway include glycolysis, gluconecgenesis, fatty acid
synthesis, glycogen metabolism, cholesterol synthesis, protein
synthesis, muscle contraction, and mitosis (Krebs and Beuvo,
1979; Norbury and Nurse, 1989; Cohen and Cohen, 1989; Cohen
1989). Protein phosphorylation has been demonstrated to both
positively and negatively regulate the activity of substrate
proteins, and in some cases, to alter their subcellular
localization.

The phosphorylation of substrate proteins is catalyzed
by enzymes known as protein kinases, while dephosphorylation is
catalyzed by protein phosphatases. For the most part,
phosphorylation occurs at either serine or threonine residues.
Together, phosphoserine (p-ser} and phosphothreonine {p—thr)
account for over 99.9% of the phosphoamino acids found within
the cell. Phosphotyrosine (p-tyr) is one of the minor
phosphoanine acids detected within the cell.

Under normal conditions, p-tyr accounts for less than
0.05% of the total phosphoamino acid content (Hunter and
Sefton, 1980). Over the past 10 years a great deal of

information has been accunulated that demonstrates the
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importance of protein phosphorylation at tyrosine residues in
regulating the signal transducing processes that control cell
growth and differentiation (Hunter and Cooper, 1985; Hunter,
1989; Ullrich and Schlessinger; 1990; Cantley et a2l., 1991).

Protein phosphorylation is both rapid and reversible,
gqualities ideally suited for systems involved in the
transmission of signal information. Through the phosphorylation
of more than one key substrate protein, it would be possible to
coordinately requlate several different biochemical processes
in response to a single external signal, as is often necessary.
The reversibility of the reaction could serve as a means of
requlating the duration of signal transmission.

It has been suggested that there exists within the cell
a dynamic balance between protein Kkinase and protein
phosphatase activities, and that this balance serves to
maintain a steady state level of protein phosphorylation. In
response to a given external signal, this balance is somehow
disrupted, leading to a net gain or loss in the number of
phosphate groups attached to key substrate proteins. By
altering the bioclogical activity of these proteins, as a result
of changes in their phosphorylation state, the physiological

response to the signal is achieved.



1-X. TYROSINE KINASES

That protein phosphorylation at tyrosine residues plays
an important role in regqulating cell growth and differentiation
was first suggested by the discovery that several retroviral
oncogenes encode proteins possessing tyrosine specific kinase
activity (Bishop, 1985; Hunter and Cooper, 1985). This
hypothesis has been strongly supported by the subsequent
demonstration that several growth factor receptors, when
activated, possess tyrosine specific kinase activity (Yarden
and Ullrich, 1988; Ullrich and Schlessinger, 1990), and by the
discovery that tyrosine phosphorylation also plays an important
role in the regulation of both cell division (Gould and Nurse,
1989; Gould et_al., 1990) and embryonic development (Chabot et
al., 1988; Sprenger et al., 1989; Ruiz i Altaba and Melton,

1989; Price et al., 1989; Schejter and Shilo, 1989; Kramer et

al., 1991). Tyrosine specific protein kinases (pTKs) can be
divided into two main classes, the transmembrane receptor and

nonreceptor pTKs.

1-Ya. Growth Factor Receptor pTKs

The receptors for epidermal growth factor (EGF),
platelet derived growth factor (PDGF), fibroblast growth factor
(FGF), insulin, insulin-like growth factor (IGF), colony

stimulating factor 1 (CSF-1l), and several other proteins, are
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all members of the growth factor receptor class of pTKs (Yarden
and Ullrich, 1988:; Ullrich and Schlessinger, 1990).

The tyrosine Xinase activity of growth factor receptor
pTKs is regulated by the binding of appropriate ligands to the
extracellular ligand binding domains of these proteins. Ligands
may take the form of circulating peptide hormones, such as EGF
and PDGF (Yarden and Ullrich, 1988; Ullrich and Schlessinger,
1990), or the extracellular domains of proteins expressed on
the outer membrane surface of neighboring cells, such as "bride
of sevenless", the ligand of the "sevenless" transmembrane pTK
{Kramer et al., 1991; Klausner and Samelson, 1991).

In the case o0f receptors for circulating growth
factors, ligand binding generally induces a conformational
change which in turn results in receptor oligomerization
(Greenfield et al., 1989; Yarden and Schlessinger, 1987a,
1987b; Heldin et__al., 1989; Honegger et al., 1989).
Oligomerization mediated activation of the receptois has been
suggested to arise from cross phosphorylation of the receptor
proteins on tyrosine residues, resulting in enhanced pTK
activity of the individual receptor molecules. As will be
discussed later, autophosphorylation of +the receptors on
tyrosine residues not only increases their intrinsic pTK
activity, but also serves to create binding domains for the
recruitment of critical substrates involved in the transmission

of signal information (Cantley et al., 1991).



1~-Ib. Nonreceptor pTEs

The members of the second class of ©pTKs, the
nonreceptor pTKs, include the- proteins pp60€~STC¢, ppe2C~YesS,
p561Ck, ps5of¥n  p56l¥YR, as well as several others (Hunter and
Cooper, 1985; Hunter, 1989).The prototypical nonreceptor class
PTK, and probably the most extensively studied of all pTKs, is
pp60€~SYC. It contains a stretch of approximately 300 amino
acids that defines the catalytic domain (Hanks et al., 1988)}. A
homologous region has been found in all pTKs identified to
date. pp60°~SIT, like most members of the nonreceptor class, is
modified by the addition of myristic acid to an NHp-terminal
glycine residue ({(BEunter and Cooper, 1985:; Perlmutter et al.,
1988: Resh, 1990). This modification is responsible, at least
in part, for localization of these proteins to the inner
surface of the plasma membrane [one exception is the c-abl
protein that is localized to the nucleus (Van Etten et al.,
1989)]. Membrane association 1is required for celi
transformation by oncogenic pp60Y~STC protein (Cross et al.,
1985; Kamps et al., 1985).

In treir normal state, the nonreceptor pTKs, like the
growth factor receptor pTKs, possess only very low levels of
tyrosine kinase activity and must be activated in order to
express full activity. While members of this class of pTKs do
not contain an extracellular domain for the binding of

activating molecules, they do appear to be activated in
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response to growth factors. Treatment of platelets with
thrombin has been shown to be associated with increased
tyrosine phosphorylation mediated by the activation of
nonreceptor pTKs (Golden and Brugge, 1989; Ferrell and Martin,
1989) . pp60°~SXC family members have also been demonstrated to
be activated by PDGF treatment of human fibroblast cells (Gould
and Hunter, 1988; Kypta et _al., 1990). In this case, the
nonreceptor and receptor kinases appear to physically
assoclate, and activation may result from the phosphorylation
of the nonreceptor kinase by the growth factor activated pTK.
It has long been proposed that the members of the
pp60C~STC family of pTKs actually represent the catalytic
subunits o¢f larger multisubunit containing cell surface
receptors, and recent observations support this hypothesis.
p59f¥N has been shown to be associated with the T cell antigen
receptor (Samelson et 2l., 1990; Cooke et al., 1991), while
p561¢K has been demcnstrated to be associated with the
interleukin=-2 receptor (Horak et al., 1991; Hatakeyama et al.,
1991), as well as both CD8 and CD4, two T cell glycoproteins
involved in the recognition of class I and class II major
histocompatibility complex (MHC) determinants, respectively, on
antigen presenting cells (Veillette et al., 1988; Glaichenhaus
et al., 1991; Chalupny et al., 1991). Evidence also suggests
the involvement of a nonreceptor pTK in the transmission of
signals through the B-lymphocyte antigen receptor (Gold et al.,

1990). This hypothesis has received support by the recent
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observation that the c-lyn pTK may be associated with the B
cell antigen receptor (Yamanashi et al., 1991).

Each nonreceptor pTK contains approximately 80 unigue
NH,-terminal amino acids (Hunter and Cooper, 1985; Perlnmutter
et _al., 1988). It appears that it is these aminc acids that
regqulate the association of the pp60SYC family member pTKs with
their respective receptor subunits. In the case of the
association of p561Ck with C€D4 and CD8, binding has been shown
to involve cysteine motifs, present in both proteins, which
mediate the interaction of a region of the unique p561°K NH,-
terzinal amino acid sequence with the cytoplasmic tails of CD4
and €D8 (Turner et a2l., 1990; Shaw et al., 1589).

The tyrosine kinase activity of the nonreceptor pTKs is
also regulated by phosphorylation. The regulatory importance of
this phosphorylation was first revealed in experiments
investigating the bindiny of polyoma virus middle T antigen
with pp60€~SIC (Courtneidge and Smith, 1983; Courtneidge,
1985). These studies showed that the increased pTK activity
associated with formation of this complex was correlated with
decreased phosphorylation of pp60°™SXC at a COOH-terminal site,
later identified as tyrosine 527 (Cooper et al., 1986). The
importance of +tyrosine 527 phosphorylation in negatively
regulating the pTK activity of pp60C€~SIC was subsequently
demonstrated by the generation of point mutations at this site
(Cartwright et al., 1987; Kmiecik and Shalloway, 1987; Piwnica-

Worms et al., 1987). Substitution of tyrosine 527 with
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phenylalanine was demonstrated to increase both the pTK and
transforming activities of pp60F~SIC, similar studies with
other nonreceptor pTKs supported the hypothesis that
phosphorylation of tyrosine residues equivalent to the tyrosine
527 site of pp60°~SIC pegatively regulates the pTK activity of
these enzymes (Amrein and Sefton, 1988; Kawakami et al., 1988;
Marth et al., 1988). Phosphorylation at this site does not
appear to result from autophosphorylation, as a kinase
defective pp60€~SIC putant is fully phosphorylated in vivo
(Jove et al., 1987). Recently, a PpTK that specifically
phosphorylates pp60€~SIC at tyrosine 527 has been purified from
neonatal rat brain membrane extracts (Okada and Nakagawa,
1989), and a ¢DNA encoding this protein has been isclated (Nada
et al., 1991).

The nonreceptor pTKs alsc appear to be regulated by
autophosphorylation at a conserved tyrosine residue located
within the catalytic domain. The results of studies invelving
both biochemical analysis and site directed mutagenesis
suggested that phosphorylation at this site serves to up
regulate the kinase activity of nonreceptor pTKs (Weinmaster et
al., 1984; Meckling-Hanson et al., 1987; Kmiecik and Shalloway,
1587:; Piwnica-Worms et _al., 1987; Cartwright et al., 1987).

Nonreceptor pTKs may be subject to further regulation
by phosphorylation at serine residues. pp60°~SIC has been shown
to be phosphorylated at serine 12 and serine 17 by protein

kinase C (PKC) and cAMP dependent protein kinase (PKA),
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respectively (Gould et =2l1., 1985; Patschinsky et al., 1986).
The importance of thece phcsphorylation events remains unclear.-
pp60c-src has also been shown to be phosphorylated at three
NH,-terminal sites by the p34©d9¢2 xinase, a protein kinase
specifically activated at, and involved in regulating, passage
through mitosis (Shenoy et al., 1989; Morgan et al., 1989).
While phosphorylation at these sites has been correlated with
increased pp60F~SIC kinase activity during mitosis
(Chackalaparampil and Shalloway, 1988), it appears that other
factors are also involved. The c¢=-abl rTK has also been shown to
be phosphorylated by the p34S9€2 kinase, however, no increase
in c-abl pTK activity was observed (Kipreos and Wang, 1990).
Additional tyrosine and serine phosphorylation sites in the
NH,-terminus of pp60°~STS, including the 80 amino acid unique
region, have also been detected (Gould and Huntexr, 1988). It
has been suggested that, rather than affecting pTK activity
directly, phosphorylation at these sites might influence pTK
activity indirectly by determining the ability of the enzyme to
interact with other proteins (Hunter, 1$89).

The identification of two conserved amino acid domains,
designated pp60“~SIC homology regions 2 and 3 (SH2 and SH3),
that are differentially conserved amongst the nonreceptor pTKs
(the SH2 domain appears to present in all nonreceptor pTIKs
whereas the SH3 domain is not), but not:the receptor class
pTKs, has uncovered yet another mechanism whereby the

activities of the pps0C~SIC family of pTKs are regulated
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(Pawson, 1988; Koch et =21., 1991). These domains appear to
regulate the association of these pTKs with other proteins,
particularly those involved in signal transduction. SH2
containing polypeptides have been shown to directly associate
with tyrosine phosphorylated proteins, and it is the SH2 domain
that mediates this binding (Margolis et al., 1990: Moran et
al., 1990; Anderson et al., 1990). It has been proposed that
amine acid differences in SH2 domains determine the subset of
tyrosine phosphorylated proteins with which a given SH2
containing polypeptide c¢an interact. As will be discussed
later, the presence of SH2 domains 3is not restricted to
nonreceptor pTKs, in fact they are found in many other proteins
involved in regulating signal transduction.

As well as regulating the association of nonreceptor
pTKs with other proteins, SH2 domains may play a more direct
role in controlling »TK activity. It has been suggested that
PTK activity may be regulated by the association of the region
of the protein containing the phosphorylated tyrosine 527 site,
or its equivalent, with the SH2 domain within the same molecule
(Cantley et al., 1991). Association of these two domains could
result in the protein adopting a conformation that either
inhibits kinase activity or perhaps restricts the access of
substrates to the active site of the enzyme. Activation by
dephosphorylation of the 527 site could result from a
conformational change that deinhibits kinase activity or allows

substrates access to the active site. A similar model has been
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proposed for regulation of the activity of serine specific

protein kinases (Soderling, 1950).

1-II. TYROSINE KINASE SUBSTRATES

At present, the chain of events involved in the
transmission of signal information within the c¢ell remains
poorly understood. The identification of pTK substrates has
proven to be a very difficult task due to the low levels of
phosphotyrosine in both normal and transformed cells. The
development of antibodies specific for phosphotyrosine (Ross et
al., 1981; Kamps and Sefton, 1988; Glenney et al., 1988), and
the identification of SH2 and SH3 domains (Pawson, 1988; Koch
et _al., 1991) have proven instrumental in determining the
identity of key pTK substrates. In turn, the identification of
pTK substrates has helped to shed some light on possible

mechanisms of signal transduction and cell transformation.

1-IXa. Phosphorylation of Serine Specific Kinases

An increase in the level of serine and threonine
phosphorylated rproteins has Dbeen observed within minutes
following growth factor treatment of cells (Czech et al.,
1988), and recently, evidence for the activation of a protein

kinase cascade has been reported to result from the treatment
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of cells with EGF, insulin or nerve growth factor (NGF) (Ahn
and Krebs, 1990; Boulton et al., 1991). Activation of such a
cascade would be one mechanism whereby signal information
originating at the membrane could be disseminated throughout
the cell.

One of +the serine/threcnine protein kinases (pSKs)
activated in response to growth factor treatment of cells is
raf-1. This pSK has been demonstrated to be activated in cells
transformed with the oncogenes v-fms, v-src¢, v=-sis, polyoma
virus middle T antigen, and Ha-ras (Morrison et al., 1988), as
well as in response to the treatment of cells with insulin
(Blackshear et al., 1990; Kovacina et al., 1990). While this
enzyme has been shown to be directly activated through tyrosine
phosphorylation by the PDGF receptor pTK (Morrison et al.,
1989), activation of the raf-l1 kinase in oncogene transformed
cells, or cells treated with insulin, was correlated with
increascd serine and threonine but not tyrosine phosphorylation
of the protein. This suggests the possibility of two separate
mechanisms, one direct and one indirect, for the activation of
raf-1 in response to growth factor treatment of cells. The
mechanisms controlling the regulation of raf-1 activity in vive
have not been elucidated, however, models involving protein
phosphorylation, association with activating lipid cofactors,
and interaction of raf-1 with regulatory proteins such as a
receptor subunit (as proposed for nonreceptor pTKs), have been

proposed (Li et al., 1991).
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Several observations suggest that activation of raf-1
plays an important role in the transmission oI signal
information within the cell. When activated by NHp~terminal
truncation, raf-l1 is capable of inducing DNA synthesis
following injection into serum starved cells (Rapp et al.,
1987). Also, while microinjection of monoclonal antibodies
directed against the p21¥@S protein were capable of blocking
transformation not only by p21¥@S jtself, but also by the
activated pTKs v-src and v-fms, transformation by activated
forms of the pSKs Raf-1 and c¢c-mos was not blocked (Smith et
al., 1986). Together with evidence suggesting translocation of
raf-1 from the cytoplasm to the nucleus following mitogen
treatment of cells (Olah et al., 1991), these observations
supported the hypothesis that raf-1 participates in the
transmission of signals generated by activated pTKs by acting
as a downstream effector. Further support comes from evidence
that raf-1 activity is required for transmission of signal
information through torso, a transmembrane receptor tyrosine
kinase, involved in Drosophila development (Ambrosio et al.,
1989), and that raf-1 activity is required for mitogen
stimulated growth of NIH/3T3 cells (Kolch et al., 1991). These
observations underscore the importance of the demonstration
that Raf-1 is a candidate substrate for activated pTKs.
Activation of pTKs by several growth factors, including
EGF, PDGF, insulin, and insulin like growth factor II, has been

associated with the appearance of a tyrosine phosphorylated
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42 kd substrate protein, recently identified as the pSK,
microtubule associated protein-2 (MAP-2) kinase (Rossomando et
al., 1989). The MAP-2 kinase is also activated by mnitogens
acting through the serine kinase PXC, and it has been suggested
that phosphorylation at both tyrosine and serine residues 1is
required for activation of MAF-2 kinase activity (Anderson et
al., 1990; Rossomando et _al., 1989). MAP-2 kinase has been
proposed to play a role in activating protein s_;ynthesis in
nitogen stimulated cells by stimulating the phosphorylation of
the ribosomal protein subunit S6, through phosphorylation of an
S6 kinase activity (Sturgill et al., 1988).

Several other serine kinases appear to be activated in
response to growth factor treatment of cells as part of a
kinase-kinase cascade (Ahn et al., 1990). The identities of
these kinases have not as yet been established. It is likely
that only a few are direct substrates of activated pTKs, and
that the remainder are activated by indirect mechanisms
involving phosphorylation at serine residues, or perhaps
through the mobilization of secondary messengers generated in
response to activation of pTK activities. Further, there is a
great deal of evidence suggesting the existence “crosstalk"
between signal transduction pathways involving different
protein kinases. PKC in particular appears to play an important
role in mediating crosstalk between the different pathways

(Houslay, 199l1).
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1-ITb. Phosphorylation of Intracellular Signalling Proteins

The hypothesis that activated pTKs promote the
generation of secondary messenger molecules, that in tnrn
activate pSKs, 1is supported by the observation that
phospholipase C gamma (PLC gamnma) physically associates with
the receptors for EGF and PDGF, and that it becomes
phosphorylated following treatment of cells with these mitogens
(Morrison et al., 1990; Margolis et _al., 1989; Meisenhelder ct
al., 1989). Tyrosine phosphorylation of PLC gamma has also been
reported following T cell activation (Weiss et _al., 1991) and
NGF +treatment of cells (Vetter et al., 1991). Tyrosine
phosphorylation of PLC gamma has been shown to increase the
catalytic activity of this enzyme (Nishibe et al., 1990;
Sultzman et al., 1991), resulting in the production of the
secondary messengers diacylglycerol (DaG) and inositol 1,4,5-
triphosphate (IP3) from phosphatidylinositol 4,5-bisphosphate
(PIP2). These messengers have been shown to be involved in the
activation of PKC and the release of intracellular calcium
stores, respectively (Berridge and Irvine, 1989).

Activation of PpTKs appears to give rise to another
potential secondary messenger, phosphatidylinositol 3 phosphate
(PI 3). PI 3-kinase activity has been found to physically
associate with activated CSF1 and PDGF receptors, as well as
pp60c-sxrc/polyoma virus middle T antigen immunoprecipitates

(Coughlin et =al., 1989; Kazlauskas and Cooper, 198%;
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Varticovski et al., 1989; Kaplan et al., 1986; Kaplan et _al.,
1287). The presence of PI 3-kinase activity has been correlated
with the presence of an 85 kd tyrosine phosphorylated protein
in the above complexes (Kaplan et al., 1987). While the roles
PI 3-kinase, and its product PI 3, in stimulating cell growth
are at present unresolved, the ability of polyoma middle T
antigen mutants to bind PX 3-kinase does correlate well with
the ability of these mutants to induce cell transformation
(Courtneidge and Heber, 1987).

The finding that p21T3% acts downstream of pTKs in
signal transduction pathways (Smith et _al., 1986), but is not
itself phosphorylated on tyrosine residues, suggested the
possibility that pTKs mediate activation of p21T3% through
phosphorylation of the p21T3S GTPase activating protein (GAP).
GAP interacts with p21T3% and stimulates its otherwise weak
intrinsic GTPase activity (Trahey and McCormick, 1987). It is
well established that p21Y¥3S jis in its active state when in the
GTP bound form, and becomes inactivated when converted to the
GDP bound form (DeVendittis et al., 1986). GAP has been
demonstrated to form a complex with activated PDGF receptors
(Malloy et al., 1990; Kaplan et _al., 1990b), and to be
phosphocylated on tyrosine residues following treatment of
cells with PDGF and EGF, as well as in cells transformed by the
v-src, v-fms, v-abl and v-fps pTKs (Ellis et al., 1990).
Phosphorylation of GAP by activated pTKs has been reported to

result in the formation of Jlarge molecular weight complexes
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containing the GAP protein and proteins of 62 kd or 190 kd, and
is associated with decreased GAP activity (Moran et al., 1991).
GAP forms independent complexes with p62 and pl90, and
formation of these complexes 'regquires the phosphorylation of
p62 and pl90 on tyrosine residues (Moran et al., 1991). The
role of these complexes, and of GAP and p21r2% themselves, in

transducing signal information are at present unclear.

1-IIc. Phosphorylation of Nonreceptor pTKs

As mentioned earlier, pp60°~SIC physically associates
with the PDGF receptor to form a complex (Gould and Cooper,
1588; Kypta et _al., 1990). Formation of this complex was
associated with increased phosphorylation of the pp60C~SIC
protein, as well as increased pp60°€~SIC kinase activity. Thus,
the nonreceptor pTKs represent potential substrates of the
growth factor receptor pTKs, and may play a role in the
transmission of signal information originating with the
transmembrane pTKs. It is possible that activation of the
nonreceptor pTKs simply serves to amplify signals in response
to growth factors. Alternatively, it may be necessary to
activate these pTKs, as they may possess substrate
specificities different than the growth factor receptors pTKs.
Tyrosine phosphorylation of critical substrates not recognized
by, or perhaps inaccessible to, the r:ceptor class pTKs may be

necessary to ensure that the proper physioclogical effect is



~“-tained.
1-XXd. Phosphorylation of SH2 Domain Containing Proteins

With the exception of raf-1, and the other pSKs, all of
the pTK substrates described above share common conserved
noncatalytic amino acid sequences designated SH2 domains
(Pawson, 1988; Xoch et =al., 1991). SH2 domains play an
important role in the recruitment of substrates for the
formation of signal transducing complexes with activated pTKs.
These domains have been shown to be sufficient to mediate
binding of proteins to activated growth factor receptors
{(Andexrson et =a)., 1990). As mnentioned above, SH2 domains
interact with phosphotyrosine containing peptides. Binding of
proteins containing SH2 domains has been shown to require the
autophosphorylation of growth factor receptors on tyrosine
residues (Margolis et _al., 1990; Kim et al., 1991). These
observations suggested that autophosphorylation of the receptor
PTKs creates the site within the receptor to which the SH2
domain containing proteins can bind. Together, these
observations suggest that proteins found to contain SH2 domains
likely play a role in transduction of signal information, and

represent potential protein substrates for activated pTKs.
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1-IIe. Phosphorylation of Cytoskeletal Proteins

Another set of proteins phosphorylated on tyrosine
residues in response to growth factor induction of pITK
activity, or in cells transformed by activated pTKs, are
cytoskeletal proteins. Focal contacts are regions of the plasma
membrane involved in mediating attachment to solid substrate
(Burridge et al., 1988). Several of the cytoskeletal proteins
involved in the formation of focal contacts have been shown to
substrates for activated pTKs, including vincullin, talin, and
the beta suhunit of the fibronectin receptor (Sefton et al.,
1981; Pasquale et al., 1986; Hirst et al., 1986). Tyrosine
phosphorylation of the beta subunit of the fibronectin receptor
has been reported to correlate with reduced affinity for talin
and fibronectin, two of the proteins with which it interacts
(Tapley et al., 1989). Other «cytoskeletal proteins
phosphorylated on tyrosine residues include 1lipocortin I,
lipocortin II, ezrin, and a set of three as yet unidentified
proteins of 215 kd, 76 kd, and 22 kd (Radke and Martin, 1973a:
Fava and Cohen, 1984; Gould et al., 1986; Glenney and Zokas,
1989). Phosphorylation of the above proteins on critical
tyrosine residues could result in changes in the ability of
cytoskeletal proteins to interact, in turn leading to a
disruption of cell adhesiveness and alterations in cell shape,
such as the rounding up of cells observed following

transformation. This hypothesis is supported by the observation
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that actiﬁated pp60V~SIC associates with focal contact points
and gap Jjunctions in transformed cells (Rohrschnieder, 198C;
Henderson and Rohrschniedexr, 1987), and that expression of this
activated pTK results in decreased cell adhesiveness (Warren
and Nelson, 21987). Activation of pp60€~SXC at mitosis could
contribute to alterations in cell shape associated with mitosis
(Chackalaparampil and Shalloway, 1988).

Many cytoskeletal proteins contain regions of homology
with pp60€~SIC, xnown as the SH3 domain (Pawson, 1988; Xoch et
2l., 1991). The presence of SH3 domains is not restricted to
cytoskeletal proteins, however, all proteins which harbour SH3
sequences appear to be associated with membranes. This has led
to the suggestion that SH3 domains night represent regions
involved in requlating subcellular distribution (Koch et al.,
1991).

Recently, talin, a cytoskeletal protein involved the
attachment of actin filaments to the membrane at focal contact
points, has been shown to ccntain an SH2 domain, common to
proteins involved in transduction of signal information {(Davis
et al., 1991). This suggests that SH2 domains may also play an
important role in defining pTK substrates that are localized to
the cytoskeleton. Further, it suggests a role for talin in
mediating changes in cytoskeletal organization associated with
transformation and cell growth.

Tyrosine phosphorylation also appears to play an

important role in regulating cell-cell communication. Gap
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junctions are channels in the membranes of adjacent cells that
allow the passage of small molecules between the cells, thereby
allowing for cell-cell communication (Loewenstein, 1981).
Evidence suggests that cell-cell communication plays an
important role in regulating cell growth and differentiation
(Loewenstein, 1979; Fraser et al, 1987). As mentioned above,
activated pp60Y~SI¢ has been demonstrated to localize to gap
junctions in transformed cells. Studies employing temperature-
sensitive v-src mutants have demonstrated that a loss in cell-
cell communication accompanies activation of +the PpTK upon
shifting from the nonpermissive temperature to the permissive
temperature (Atkinson et al., 1981; Azarnia and Loewenstein,
1984) . Recently, decreased communication in v-src transformed
cells has been correlated with tyrosine phosphorylation of
connexin-43, a structural component of gap junctions (Filson et
al., 1990). Inhibition of junctional communication correlates
with growth factor induced cell proliferation suggesting an
important role for pTKs in regulating intercellular
communication (Maldonado et al., 1988).

The diverse nature of the pTK substrates identified to
date indicates that phosphorylation at tyrosine residues is
invelved in the regulation of several different cellular
processes. The regulation of mnultiple processes by tyrosine
phosphorylation is consistent with the observation that
transformation of cells by activated pTKs is associated with

multiple phenotypic alterations. It is possible that novel pTK
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substrates remain to be isolated, and that tyrosine
phosphorylation will be implicated as a mechanism controlling
the activation of an even greater number of cellular processes

than is presently appreciated.

1-III. PEOSPHOTYROSYL-FPROTEIN PHOSPHATASES

As nmentioned earlier, protein phosphorylation is
generally a reversible event, with the steady state level of
phosphorylation of a given cellular protein being determined by
a dynamic balance between the activities of the protein kinases
and the protein phosphatases. The first indications of the
existence of phosphotyrosine specific protein phosphatase
activity (pTP) within cells came from experiments employing
temperature- sensitive mutants to investigate the transforming
properties of avian retroviral pTK oncogenes (Friis et al.,
1979; Hunter et al., 1979; Radke and Martin 1979b). These
experiments demonstrated that when cells were shifted from the
permissive temperature, at which the pTK was active, to the
nonpermissive temperature, at which the pTK was inactive, the
cells no longer exhibited the transformed cell phenotype but
rather took on characteristics of a normal cell phenotype. This
reversion was correlated with a decrease in the phosphotyrosine
content of the cells which could not be blocked by inhibitors

of protein synthesis. These observations suggested that the
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decrease in phosphotyrosine content of these cells did not
result from protein turnover, but rather was due to the
presence of an activity within the cells that was capable of
dephosphorylating proteins at phosphotyrosine residues.

Several pTP activities have now been purified from a
number of sources to homogeneity, or near homogeneity. The
first reported purification of a pTP to homogeneity was that of
Tonks et _al. (1988a). The pTP activity was purified from human
placental extracts and was correlated with the presence of 37
kd protein. As will be discussed later, the isolation of cDNAs
encoding this enzyme suggested the possibility that the protein
isolated by Tonks et al. (1988a) may have been a truncated form
of the enzyme produced by proteolysis during the purification
process. A larger form of the same enzyme with a molecular
weight of at least 46 Xkd has recently been purified to
homogeneity from placental extract (Pallen et al., 1991). pTP
activities of molecular weights ranging from 38 kd to 60 kd
have also been purified from mouse adipocytes (Liao et al.,
1991), human epidermoid carcinoma cells (Butler et al., 1989),
rat spleen (Swarup and Subrahmanyam, 1989), and from the
electric organ of Torpedo californica (Mei and Huganir, 1991).
The relationship among these pTPs remains to be established,
but all exhibit very similar biochemical characteristics. All
require the presence of reducing agents for full activity, all
are independent of divalent cations, and all exhibit other

characteristics which differ from those of the serine/threonine
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rhosphatases.

Two other forms of pTPs have also been isolated from
bovine heart (Zhang and Van Etten, 1990) and bovine brain
(Singh, 1990). The enzyme isolated from bovine heart has
similar biochemical characteristics to the pTPs described
above, however, this enzyme has a molecular weight of
approximately 18 kd, and appears to be related to low molecular
weight cytosolic acid phosphatases (Lawrence and Van Etten,
1981; Taga and Van Etten, 1982; Waheed et al., 1988; Chernoff
and Li, 1985). The brain enzyme npas a molecular weight of
approximately 85 kd, is dependent upon magnesium for activity,
and is inhibited by micromolar concentrations of calcium. The
existence of multiple forms of pTP enzymes has been supported
by the isolation of many different cDNAs encoding for pTPs. As
with the pTKs, PpTPs can be divided intc a transmembrane
receptor-like class and a nonreceptor class, each c¢lass

containing several different subtypes.

1-IIX¥a. Transmembrane pTPs

The discovery of transmembrane pTPs resulted from the
determination of amino acid sequences by mnmicrosequencing
peptides derived from the placental pTP isolated by Tonks et
al. (1988a). Such sequences were homologous to those in the
human transmembrane receptor-like proteins of unknown function,

namely Leukocyte Commen antigen (ICA), also known as CD45, and
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leukocyte antigen related proteir (LAR) (Charbonneau et al.,
1988; Charbonneau et _al., 1989). Both of these proteins were
subsequently shown to possess tyrosine specific phosphatase
activity (Tonks et 2l., 1988c; Tonks et al., 1990; Streuli et

al., 1990). Since this discovery, seven different human

(Streuli et al., 1987; Streuli et al., 1988; Krueger et al.,
1990; Kaplan et al., 1990), two mouse (Sap et al., 1990;
Matthews et al, 1990), and two Drosophila (Streuli et =al.,
1989) transmembrane pTPs have been identified by cDNA cloning.

Figure IIIa shows schematically the structures of most
of the pTPs that have been identified to date. The presence of
extracellular domains in these pTPs suggests that they may be
activated by the binding of specific 1ligands. As yet, no
ligands for these phosphatases have been identified. Several of
these pTPs, including human ILAR, Drosophila LAR, and HPTP-
delta, contain IgG-like and type III fibronectin-like repeats
within their extracellular domains, while HPTP-beta contains
only the type III fibronectin like repeats {(Streuli et al.,
1988; Streull et al., 198%; Kreuger et al., 1990). These
structures are characteristic of cell adhesion molecules, and
thus has led to the hypothesis that the activity of these
enzymes 1is regulated by cell-cell contact and may have a role
in regqulating contact inhibition of growth.

With the exception of HPTP-beta, all of the
transmembrane pTPs that have been identified to date contain

two potential catalytic domains separated by linker seguences
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Figure IXIIa. Schematic Comparison of Known pTPs

The three characteristic domain structures [the
immunoglobulin-like (IgG-like), Fibronectin-III-like (FN-
like), and pTP catalytic domains) are shown symbolically. Both
IgG-like and FN-like domains are about 100 amino acids in
length, whereas the pTP catalytic domain is about 300 amino
acids long. The thick vertical lines represent segments of
protein that are not related to other molecules. Two of the
several LCA (CD45) isoforms generated by alternative splicing
are shown. The extracellular regions of HPTP-gamma and HPTP-
zeta are not yet completely sequenced. The structure of the
neural cell adhesion molecule (NCAM) 1is included for
comparison. The NCAM molecule does not have a pTP domain, but
the extracellular receptor segment is similar to many of the
transmembrane pTPs. The horizontal line represents the plasma
membrane. [This figure and legend have been adapted from Saito
and Streuli, (1991).]



<z = = g=
Z= Zg =8
== T2 e £
L5 Z o =0
=8 Z=s e
o 7 O

e T
e - S S

el

I

T — K=

I
G
Tt T LI
MR8y
Uz >

g d1cH

SYO1

o dldH
3 dldH
k didH
9 d1dH

¢ dldH

8v1a

d1d0

WYON



28
of wvarying length. Mutational analysis of CD45 and LAR
suggested that perhaps ouly the NH,—terminal domain, domain 1
(closest to the membrane), possessed catalytic activity, and
that sequences in the second domain played a role in
determining substrate specificity (Streuli et al., 1990).
However, recent studies concerning the pTP activity of HPTIP
alpha against several different substrates suggested that both
domains do indeed possess pTP activity. However, the two
domains have quite different substrate specificities (Wang and
Pallen, 1991). Further, the results of these experiments
suggested that inactivation of the first domain may suppress
the activity of the second domain. It is possible that in the
first experiments involving LCA and LAR, the pTP activity of
the second domain was not observed as a result of this
phenomenon.

The most studied of all the receptor pTPs is CD45, a
protein which is expressed predominantly on cells of
hematopoietic origin, and is present in the membranes of these
cells in multiple, differentially spliced isoforms (Streuli et
al., 1988). Alternative splicing of exons 4, 5, and 6 appears
to give rise to the different isoforms, and CD45 isoforms
appear to be differentially expressed on different lymphoid
cells (Woollett et al., 1985; cCoffman and Weissman, 1981;
Lefrancois and Bevan, 1985). Changes in isoform expression have

also been shown to accompany T cell activation (Birkeland et

. =1., 1989). The significance of isoform switching has not been
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determined, however alteration of ligand binding specificity
and/or the ability to associate with other proteins to form
functional signal transducing complexes have been suggested as
possible ocutcomes of isoform switching.

Before the discovery that ICA possesses tyrosine
phosphatase activity, 1little was known about the functiocnal
role of LCA in hematopoietic cells. Since this discovery
however, much progress has been made. It is quite clear now
that CD45 plays a very important role in regulating the
transduction of signal information originating from several
different cell surface receptors, including the T cell antigen
receptor, the B cell antigen receptor, and the T cell surface
molecule CD2 (Pingel and Thomas, 1989; Koretzky et al., 1990;
Koretzky et al., 1991; Justement et al., 1991).

Cell surface expression of CD45 *s required for
coupling activation of both the T cell receptor and the CD2
protein to phosphatidylinositol turnover and the subsequent
production of the secondary messengers DAG and Ca™2 (Koretzky
et al., 1990; Koretzky et al., 1991). Production of interleukin
2 in response to CD2 and T cell activation is also blocked
(Koretzky et al., 1991). Similarly, CD45 is also required for
induction of ca*? mobilization in response to B cell activation
(Justement et al., 1991). Evidence has been obtained indicating
that CD45 is physically associated with components of both the
B cell and T cell antigen receptors, thus putting it in an

ideal location for mediating transduction of signal information
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originating <from these receptors (Volarevic et al., 1990;
Justement et al., 1991).

One possible mechanism through which CD45 might act
involves the dephosphorylation of p5éiCk at tyrosine 505, a
site that has been demonstrated to negatively regulate pTK
activity (Armein and Sefton, 1988; Marth et _al., 1988). As
described earlier, p561Ck is physically associated with CD4 and
CD8. These cell surface proteins recognize MHC determinants on
antigen presenting cells, and appear to play an important role
in regulating the activation of and the transmission of signal
information from the T cell antigen receptor (Rudd et al.,
1989).

The hypothesis that C€D45 functions as a positive
requlator of p561CK PTK activity during T cell activation is
supported by several important observations. First,
crosslinking of CD4 and CD45 molecules on the cell suriace has
been demonstrated to potentiate T cell activation, whereas
conjugation of CD45 with other cell surface markers inhibited
activation (Ledbetter et al., 1988). Second, studies employing
cells expressing wildtype CD45, cells expressing no CD45, and
revertant CD45" cell lines have shown a correlation between the
presence of CD45 and dephosphorylation of the tyrosine 505 site
in pselck (Ostergaard et al., 1989). Finally, through
experiments involving the mixing immunoprecipitates containing
(‘.‘D«'-/pSSl'C:k and CD45, it has recently been demonstrated that

CD45 can dephosphorylate tyrosine 505 in witre, and this
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dephosphorylation results 1in activation of p561°k kinase
activity (Mustelin and Altman, 1950).

Several other experimental observations have provided
indirect evidence in support- of the hypothesis that CD45 1is
involved in activation of p561€K, and that. in turn this
activation is important in mediating T cell response to antigen
stimulation. CD4/p561CK association has been demonstrated to be
required for antigen induced signal transduction in the T cell
activation process (Glaichenhaus et al., 1991). It has been
reported that, in response to antigen, CD4 molecules move
within the membrane and migrate to positions in the vicinity of
or physically in contact with T cell antigen receptor, a
complex which includes the tyrosine phosphatase CD45 (Saizawa
et al., 1987; Rivas et al)., 1988; Mittler et al., 1989;
Volarevic et al., 1990). Further evidence that CD4, CD45, and
the T cell receptor form a stable complex has been provided by
the results of co-capping experiments (Dianzani et al, 1990).
Finally, another observation that supports the above hypothesis
is that the 1level of tyrosine phosphorylation of cellular
proteins was markedly decreased following T c¢ell receptor
stimulation of a CD45” mutant cell line (Koretzky et al, 1991)

At present virtually nothing is known about mechanisms
regulating the enzymatic activity of transmembrane pTPs.
Complex formation with other proteins could provide one
possible mechanism, however evidence in support of this has not

been presented. It is possible that phosphorylation of CD45
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plays a role in regulating its activity. It contains consensus
recognition sites for phosphorylation by casein kinase II and
PKC {(Charbonneau et al., 1988). However, in vitro
phosphorylation of CD45 using- these enzymes did not result in
any change in pTP activity (Tonks et al., 1990). Rapid and
transient phosphorylation of CD45 on tyrosine residue(s) has
also been reported to result in response to activation of the T
cell receptor (Stover et al., 1991). Identification of this
modification required stringent conditions involving the use of
pTP inhibitors in the isolation buffers. The physiological

significance of this phosphorylation event has not been

determined.

1-IXIIb. Nonreceptor pTPs

The second family of pTPs is comprised of those pTP
proteins that contain neither a transmembrane nor an
extracellular domain, and, as with the pTKs, 1is designated the
nonreceptor class. The existence of several members, or
subtypes, within this class of pTPs was suggested from the
results of the biochemical analyses of cytoplasmic pTPs
described earlier, and has been supported by the results of
cDNA cloning.

Six different nonreceptor pTPs have been identified

from analysis of human cDNAs (Cool et_al., 1989; Chernoff et
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al., 1990; Brown-Shimer et al., 1990; Sadhu et al., 1990; Shen
et al., 1991; Yang and Tonks, 1991; Gu et al., 1991). Included
amongst these is the cDNA encoding the pTP1B protein purified
by Tonks et al (1988) (Chernoff et al., 1990; Brown-Shimer et
al., 1990). Other nonreceptor pTPs include four yeast PpTIPs
(Russell and Nurse, 1986; Russell et al., 1989; Ottilie et al.,
1591; Guan et al., 1991), two different rat brain pTPs (Guan et
al., 1990; Lombroso et =2l., 1991), one mouse T cell DPTP
(Mosinger et al.: 1991), and one Drosophila pTP (Edgar and
O'Farrell, 1989). Including the low molecular weight bovine
liver acid phosphatase (Camici et al., 1989), the amino acid
sequences of a total of ten different types of nonreceptor pTPs
have been determined.

As with the transmembrane class, little is known about
the mechanisms whereby the enzymatic activities of the
nonreceptor pTPs are regulated, however, the isolation two heat
stable inhibitors of bovine brain pTPs has been reported
(Ingebritsen, 1989). These inhibitors were shown tec be distinct
from the two heat stable inhibitors of the type 1
phosphoseryl/phosphothreonyl specific protein phosphatases
(pSPs).

Phosphorylation has also been implicated in the
regulation of this class of pTP. Activators of PKA and PKC have
been demonstrated to increase the activity of an as yet
unidentified membrane associated pTP (Brautigan and Pinault,

1991). This pTP was present in the membrane fraction of monkey
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CV-1 cells as a 150 kd protein complex containing a 55 kd
catalvtic subunit. The identity of the subunit phosphorylated
in response to the pSK activators was not resolved, however
dissociation of the complex was not required for the activation
of pTP activity. Interestingly, PKA did not directly
phosphorylate the PpTP in vitro, suggesting that another
kinase(s) might act as an intermediate between PKA and the pTP.

Subcellular localization 1likely plays a key role in
determining the accessibility of the different pTPs to their
respective substrates. The pTP1B protein isolated by Tonks et
2l. (1988) is reportedly associated with both the particulate
and solu.b?.e portions of placental extracts. Association with
the membrane fraction has been proposed to be mediated by
isoprenylation and/or palmitoylation of the COOH-terminus of
the protein (Guan et al., 199¢). Similar modifications have
been suggested for a rat brain pTP enriched in striatum
(Lombroso et al., 1991). In this case, a potential NH>—terminal
myristoylation site was also identified.

The COOH-terminal amino acid sequences of pTP1B and the
human T cell pTP may contain other regulatory elements. The two
proteins share good homology over their NHp-terminal and
phosphatase catalytic domains, but diverge at their COOH-
termini (Chernoff et al., 1990; Guan et al., 1990; Brown-Shimer
et al., 1990; Cool et al., 1989). Removal of COOH~-terminal
sequences of the T cell pTP by limited trypsin digestion was

found to enhance phosphatase activity (Zander et al., 1991).
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Similarly, when a full length T cell pTP cDNA was expressed in
baby hamster kidney cells, the protein was essentially inactive

in an in vitro assay unless first subjected to tryptic

digestion (Cool et al., 1990). The full length and truncated
forms of the protein also differed in their patterns of
subcellular distribution. The £full 1length product was
associated solely with the particulate fraction whereas the
truncated form was associated with both the soluble and
particulate fractions. These results suggested that the COOH-
terminal domain of the T cell pTP plays an important role in
reqgulating the activity and subcellular localization of the
protein. Because pTP1B also contains a large COOH-terminal
domain, it has been suggested that this domain plays a
similarly important role in regulation of pTP1B activity and
intracellular localization.

When the full length T cell pTP was expressed in vivo,
it appeared to be part of a large complex of >600 kd. Limited
proteolysis was required for activation of phosphatase activity
(Cool et al., 1990). Similarly, the monkey cell pTP discussed
above was also found to be part of a large molecular weight
complex, and it too was activated by 1limited proteolysis
(Brautigan and Pinault, 1991). In this case, activation was
associated with dissociation of the catalytic fragment from the
large molecular weight complex. Since digestion of either
protein yielded catalytically active fragments of similar size,

and, as discussed above, removal of the COOH-terminus of the T
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cell protein is associated with enzymatic activation, it has
been suggested that the COOH~ terminal sequences of these
proteins may direct their association with other proteins to
form large molecular weight complexes, and that association of
the pTP with these other proteins mway plav an important role in
regulating pTP activity. The other protein components of the
complex could represent subunits that regqulate pTP activity, or
contrel subcellular localization. Unique COOH-terminal
sequences of different pTPs may determine the proteins with
which the nonreceptor class pTP can associate.

Not all nonreceptor pTPs have large COOH-terminal
domains capable of directing subcellular distribution and
complex formation. Some pTPs contain other types of domains
that appear to play similar roles. Recently, a cDNA isolated
from a human breast carcinoma line was found to encode a pTP
that lacked a large hydrophobic COOH-terminal domain such as
those found in the T cell and pTP1B pTPs, but instead contained
an NHp~terminal domain that exhibits homology to the SH2
domains present in nonreceptor pTKs and several other proteins
involved in signal transduction (Shen et al., 1991). Little is
known about the role this domain plays in regulating
phosphatase activity, but its presence suggests the involvement
of this pTP in signal transduction pathways, and this domain
likely serves to mediate the association of this pTP with other
proteins that contain phosphorylated tyrosine residues. At

present, however, the subcellular distribution of the protein



is not known.

Two other pTPs which lack a COOH-terminal regulatory
domain have also been cloned very recently. Interestingly,
these phosphatases contain an-NH;-terminal domain that bears
Lhomelogy to domains present in the cytoskeletal proteins band
4.1, ezrin, and talin (Gu et al., 1991; Yang and Tonks, 1991).
This domain is separated from the COOH-terminal pTP catalytic
domain of these proteins by approximately 300 amino acids of
unknown function. Band 4.1, ezrin, and talin all localize to
points of interaction between the cytoskeleton and the plasma
membrane, and likely play a role in regulating cell shape
(Burridge et al., 1988, Gould et al., 1986; Anderson and
Marchesi, 1985). It is the NHp-terminal domains of these
proteins, with which the above pTPs share homology, that appear
to regulate the subcellular localization of these proteins
(Anderson and Marchesi, 1985). As discussed earlier, many
cytoskeletal proteins are substrates for activated PTKs,
including ezrin and talin, and phosphorylation of these
proteins in transformed cells is associated with changes in
cellular morphology. It is possible that the newly identified
PTPs play an important role in regulating cell shape by
controlling the tyrosine phosphorylation state of cytoskeletal

proteins.
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1-IITc. Regulation of Cell Growth by pTPs

The accumulation of a great deal of evidence that
overexpression or activation of pTKs stimulates cell growth led
to the speculation that pTPs function to negatively regulate
cell growth. and that underexpression or inactivation of pTPs
could lead to cell transformation. In other words, it has been
suggested that pTPs possess properties associated with
antioncogenes oxr tumor suppressors. Several experimental
observations have supported this hypothesis. HPTP gamma, a pTP
isolated by Kaplan et al. (1990), has recently been identified
as i candidate tumor suppressor gene involved in development of
renal cell (RCC) and lung cell (ILC) carcinomas (LaForgia et
al., 1991). HPTP gamma was localized to chromosome 3, subregion
band p21, at a position near the breakpoint associated with the
development of RCC and ILC tumors. Screening of clinical samples
and several tumor cell lines derived from RCC and LC tumors
demonstrated hemizygous deletion of the HPTP gamma gene in a
high percentage of the samples tested. While not all samples
exhibited deletion of the HPTP gamma gene, in those cases where
loss was not observed, there may have been more subtle
disruptions of the gene that could not be detected using the
screening method employed. These observations suggest, but do
not prove, that HPTP gamma has properties consistent with
antioncogenes or tumor suppressors.

Suppression of cell growth due to the activation of
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pTPs has also been reported. Activation of membrane associated
pTP activity has recently been reported to correlate with
contact inhibition of growth of cultured cells (Pallen and
Tong, 1991). pTP activity increased only as the rate of cell
proliferation decreased and cells approached saturation
density, with maximum activity being associated with the
quiescent state. Serum starvation induced inhibition of growth
at low cell density was not correlated with an increase in pTP
activity, indicating that the stimulation of pTP activity was
density dependent and likely raquired some level of cell
contact. These observations were consistent with the existence
of a regulatory mechanism that maintains pTP activity at a
basal level during cell proliferation but allows for density
dependent activation of pTP activity at quiescence. They were
aliso consistent with the observations of Klarlund (1985) who
observed that vanadate, a potent inhibitor of pTP activity, had
no effect on cell growth during the expcnential phase of cell
growth but allowed cells to continue growth to high saturation
densities and to overcome contact inhibition of growth. A
regulatory mechanism involving an alteration in basal pTP
activity levels would likely help to provide conditions more
favorable for cell growth.

Tyrosine phosphorylation plays an important role in
controlling the progression of cells through mitosis by
negatively regulating the activity of p346dc¢2, g

serine/threonine protein kinase that becomes activated during



40
the G2 phase of cell division following DNA replication (Gould
and Nurse, 1989). pBOCdczs, a protein which accumulates during
the G2 phase of the cell cycle, is required for activation of
p31¢:’;"dc2 (Russell and Nurse, 1986; Moreno et_al., 1990). The
observations that pg80Sdc25 function can be complemented by the
expression of a T cell pTP in yeast (Gould et al., 1990), and
that it can control tyrosine dephosphorylation of p34Cdcz in a
cell free system (FKumagai and Dunphy, 1991) suggested the
possibility that p80°d€23 protein was itself a tyrosine
phosphatase. However, no pTP activity could be directly
associated with this protein, nor did the predicted amino acid
sequence of p80S9€25 gshow high homology to known pTP sequences
(Russell and Nurse, 1986; Russell et al., 1989; Edgar and
O'Farrell, 1989; Sadhu et al}., 1990). The failure to
denonstrate pTP activity appears to have been due to the use of
inappropriate substrates, as two groups have recently
demonstrated that p8oSdc25 goes in fact contain an intrinsic
tyrosine phosphatase activity (Dunphy and Kumagai, 1991;
Gautier et al., 1991). This finding suggested that there may be
other pTPs with very restricted substrate specificity that will
require the use of suitable substrates for their
identification, and that the pTP catalytic domain consensus
sequences will have to be redefined.

When we began our investigation of pTP activities in
chicken embryo fibroblasts several years ago, very little was

known about pTPs and their involvement in regulating cellular
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processes. The goal of this work was to purify a tyrosine
phosphatase to homogeneity, and to clone the corresponding cDNA
encoding the enzyme. It was our hope that these studies would
lead to a greater general understanding of pTPs. Further, it
was also hoped that these studies would also provide tools that
could be used in future experiments designed towards gaining a
better understanding of pTP fuactions and their roles in

requlating cell growth and differentiation.



CHAPTER 2: MATERTAYS AND METHODS

2-I. CHEMICALS AND REAGENTS

All reagents used were of commercial reagent grade or
better and were used without further purification. Whatman DES2
cellulose was purchased from Mandel Scientific. DNA sequencing
kits, DNA restriction enzymes, dextran sulphate, Protein A-
sepharose, Sephacryl S5-200, Sephadex G-75, Cyanogen Bromide
activated sepharose, Wheatgerm Lectin sepharose 6MB, Deoxy-
nucleic acids, and nucleic acids grade agarose were purchased
from Pharmacia Fine Chemicals. Oligonucleotides were purchased
from the Institute for Molecular Biology at McMaster University
(MOBIX). Radiolabelled compounds were purchased from New
England Nuclear, DuPont. gamma-thio-ATP and Enolase were
purchased from Boerhinger Mannhiem. Protein assay dye reagent,
gamma globulin protein standard, and molecular weight standards
for the calibration of molecular sieving resins and SDS-PAGE
gels were purchased from Bio-Rad. Centriprep-10 and Centriprep-
30 concentrators were purchased from 2Amincon. Nitrocellulose
filters were purchased from Schleicher and Schuell. The total
chicken embryo cDNA library packaged in lambda gtll virus
(library CL1001b) was purchased from Clontech. The pGEM 7zf(+)
plasmid and tnermostable Tag DNA polymerase were purchased from

Promega. Rabbit anti-mouse IgG antibody was purchased from
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Cappel. Strataclean resin was purchased from Stratagene. DNA
nick translation 1labelling kit was purchased from Bethesda
Research Laboratories. Purified Calcineurin (phosphatase 23B)
was the generous gift of Dr.-J. Wang ({(University of Calgary,
Alberta). 2all remaining chemicals and reagents were purchased

from Sigma.

2-IT. ANIMALS

Fertilized, COFAL-negative, and chicken helper factor-
negative chicken eggs used for preparation of primary chicken
embryo fibroblasts (CEFs) were purchased from Hyline
International. Fertilized chicken eggs used to prepare chicken
embryo bodies used for phosphotyrosyl—-protein phosphatase
purification were purchased from Westdale Hatchery, Hamilton,

ontario.

2=IXYX. CELL CULTURE

Primary chicken embryo fibroblasts (CEFs) were prepared
as previously described (Branton and Landry-Magnan, 1979). The
cell line F.2 R2-H1, which expresses wt p130929—fPS (Weinmaster
et al, 1984), and the Rous sarcoma virus transformed field vole

cells (RSV-vole)} (Purchic et al., 1983) were grown in Dulbecco
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medium (low glucose) supplemented with 10% fetal calf serum.

2-IV. BACTERIA and BACTERTOPHAGE CULTURE

2-IVa. E. coli Growth

Cultures of E. coli were grown at 37 °*C under standard
conditions (Ausubel et 2al., 1989) in 1B broth plus the
appropriate antibiotic for plasmid selection, if required. LB
broth was supplemented with 0.2% maltose for Y1090 cultures to

be infected with bacteriophage lambda gtll.

Table 2-IVa. Bacteria and Bacteriophage Strains

Name Genotvpe
MV1190 {lac-pro AB), thi, supE, (sr-reca)306::Tnl0

_ [F':traD36, proaB, lacI9z M15)]7
Y1090 Olacyigg., proAt, Alon, araD139, stra, supF,
trpC22::tnlo/, pMCS (The plasmid pMC9 directs
the synthesis of large amount of the lambda
| repressor and carries a tetracycline
resistance gene)
lambda gtll lacs, srl3°*, c¢l857, srl4*, nins, srls-,

sam100, c1itS, intt, reg*
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2-IVb. Growth and Isclation of Lambda gtll Bacteriophage

Stocks of bacteriophage ware grown as liguid or plate
lysates prepared using standard protocols (Ausubel et al.,

1989).

2-V. PREPARATION of CHICKEN EMERYO BODIES for PHOSPHATASE

PURIFICATION

11 day old chicken embrves were removed from the egg
and the head, wings, legs, and internal organs were removed by
dissection. The resulting material was washed twice with ice
cold phosphate buffered saline solution (PBS) and frozen at -70

*C until use.

2-VI. PREPARATION of REDUCED CARBOXYAMIDOMETHYLATED AND

MATEYIATED LYSOZYME

Reduced carboxyamidomethylated and maleylated (RCM)
lysozyme was prepared according to the method of Tonks et al.
(1988a), with the following modification. At the final step,
rather than purifying the RCM lysozyme by chromatography on
Sephadex G-25, the modified protein was precipitated by the

addition of 100% w/v TCA to a final concentration of 20%. The
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protein was collected by centrifugation at 30,000 x g for 1C
min, and the pellet washed 3 times with ice cold 20% w/v TCA.
The final pellet was resuspended in 25 ml 0.5 M Tris-HCl (pH
8.5), stirred overnight at 4--°*C, and then dialyzed overnight
versus 4.0 1 20 mM Imidazole-HCl (pH 7.2). The dialysate was
clarified by centrifugation at 10,000 x g for 10 min, diluted
to a final concentration of 20 mg/ml, and then stored in 5.0 ml

aliquots at -20 °C.

2=VII. PREPARATION of RECEPTOR TYROSINE PROTEIN KINASES

Receptor tyrosine kinase preparations used for the
generation of phosphotyrosyl-RCM 1lysozyme substrate were
prepared by the method of Pike et al. (1984), with the
exception that the synthetic peptide poly[glu:tyr (4:1)] was
used as the substrate to measure kinase activity. When
necessary, Xkinase preparations were concentrated to a final
concentration of 1 - 4 units/ml (1 unit = 1 nmole 32p
incorporated per min) by centrifugation using Centriprep-30
concentrators. Aliquots containing at least 10 units of kinase

activity were then frozen at =70 °*C.
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5-VIII. PREPARATION of 3<P-LABELLED SUBSTRATES

2-VIIIa. 32p-Labelled Phosphoseryl-Casein and

Phosphotyrosyl-IgG

32p_rabelled phosphoseryl-casein and 32p-labelled
phosphotyrosyl-IgG were prepared as previously described
(Nelson and Branton, 1984), with the exception that the
pp60V~SIXC reqguired foxr IgG phosphorylation was
immunoprecipitated from RSV-vole cells rather than RSV infected

chicken embryc fibroblasts.

2-YIIIb. 32p-Labelled Phosphotyrosyl-Enolase

32p-rabelled phosphotyrosyl-enolase was prepared as
follows. Approximately 2010 F.R2-H1 cells were disrupted in 30
mls FPS-lysis buffer [20 mM Tris~HCl (pH 7.0) containing 0.15 M
NaCl, 1.0 mM EDTA, 1.0% (v/v) NP-40, and 5.0% (w/v) sodium
deoxycholate]. After 20 min on ice, the lysate was centrifuged
at 15,000 x g for 20 min. The supernatant was then conbined
with 0.75 ml packed protein-A sepharose beads, 0.3 ml rabbit
anti-mouse IgG antibody, and 0.45 ml 1/100 diluted anti-pl9929
ascites fluid (Ingman-Baker et al., 1984). Aafter 3 hrs of
constant mixing at 4 °C, the beads were removed by
centrifugation at 30 x g for 30 sec. The beads were then washed

twice with FPS-lysis buffer and 3 times with FPS-kinase buffer
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{100 mM HEPES (pH 7.0) containing 20 mM MnCl,]. The beads were
then incubated at 30 °*C for 30 min in a 0.% ml reaction mixture
containing 0.35 ml FPS-kinase buffer, 0.15 ml >2P-gamma-ATP
(10.0 mCi/ml with a specific-activity of 3000 Ci/mM), and 0.3
ml acid denatured enolase [0.6 mg enolase in 0.3 ml 20 mM Tris-
HC1 (pH 7.0) containing 2.0 mM dithiothreitol (DTT) and 2.0 mM
MnCl, was incubated with 0.3 ml 50 mM acetic acid for 30 min at
30 *C. Following incubation, a further 0.3 ml 50 mM acetic acid
was added. This procedure was carried cut just prior to the
addition of the enclase to the kinase reaction mixture.]. The
kinase reaction was terminated by the addition of 0.8 ml 2x
SDS-PAGE sample buffer [0.2 mM Tris-HCl (pH 6.8) containing 4%
(w/v) SDS, 4% (v/v) 2-mercaptoethanel (2-ME), and 20% (v/V)
glycerol). The samples were then boiled for 5 min and the beads
removed by centrifugation. The resulting supernatant was
applied to a 7.5% polyacrylamide gel with a 5.0% stacking gel
and electrophoresed overnight at a constant voltage of 80
volts. 32p-Labelled protein bands were visualized by
autoradiography using Kodak XAR-5 X-ray film. The band
corresponding to phosphorylated enolase was cut from the gel
and the enolase was extracted from the gel by elution inte S50
mM ammonium bicarbonate containing 0.1% SDS and 4% 2-ME. Gel
debris was removed by centrifugation, and following the
addition of 100 ug bovine serum albumin (BSA) as carrier
protein, 100% (w/v) trichloroacetic acid (TCA) was added to a

final concentration 25% (v/v). The solution was allowed to sit
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at 4 °*C for 90 min and then centrifuged at 15,000 x g for 30
min. The pellet was resuspended in acetone containing 2% (v/v)
1.0 N HCl and then recentrifuged. The pellet was then
resuspended in 3.0 ml buffer T [20 mM Tris-HCl (pH 7.0)
containing 10% (v/v) glycerol, 2.0 mM EDTA, 2.0 mM EGTA, and 10
mM 2-ME], and the pH adjuzted to 7.

In some cases, following the removal of the protein-a
beads after the kinase reaction, 100% TCA was added to the
supernatant to a final concentration of 25% and the solution
allowed to sit at 4 °C for 60 min. Precipitated protein was
collected by centrifugation at 15,000 x g for 5 min,
resuspended in 1.0 N NaOH, and incubated at 37 °C for S0 min.
100% TCA was then added to 25% and the solution allowed to sit
on ice for 60 min. The precipitate was collected Dby
centrifugation at 15,000 x g for S min, resuspended in 0.5 ml
acetone containing 2% (v/v) 1.0 N HCl, and recentrifuged at
15,000 x g for 5 min. The resulting pellet was resuspended in
buffer T and the pH adjusted to 7. This procedure was only used
to prepare large quantities of substrate for use in assaying

column fractions over the course of phosphatase purification.
2-VIIIc. 32-Labelled RCM-Lysozyme
A cocktail containing 2.0 ml 1.0 M Imidazole (pH 7.2),

1.5 ml glycerol, 0.5 ml 5.0 M NaCl, 0.2 M 1.0 M MnCl,, 0.6 ml

1.0 M magnesium acetate, 0.1 ml 2% Triton X-100, 0.05 ml 0.2 M
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EGTA pH 7.0, and 0.05 ml 0.1 M Na3Vo, pH 12, as well as a

hormone mix containing 0.46 ml 200 rg/ml Epidermal growth
factor (EGF), 0.048 ml 500 uM Insulin, 0.1 ml 1.0 M
dithiothreitol (DTT), 0.25 ml 1.0 M Imidazole (pH 7.2), 15 pul
40 mg/ml BSA, and 1.627 ml H,0, were prepared in advance of
substrate preparation.

An aliguot of receptor tyrosine kinase preparation,
1.75 ml cocktail, 1.25 ml hormone mix, 5.0 ml 15.0 mM ATP, 5.0
ml 1% sodium deoxycholate containing 0.5 mM ammonium molybdate,
2.5 ml 20 mg/ml RCM-lysozyme, 4.0 mCi 32p-gamma-ATP, and Hy0 to
2 final volume of 25.0 ml were mixed and incubated overnight
(18-20 hrs) at 30 *C. Ice cold 100% w/v TCA was then added to a
final concentration of 20% and the mixture incubated at 4 °C
for 1 hr. The precipitated protein was collected by
centrifugation at 30,000 x g for 10 min and the pellet washed 3
times with ice cold 20% w/v TCA.

The final pellet was resuspended in 10 ml 0.5 M Tris-
HC1 (pH 8.5), stirred overnight at 4 °C, and then dialyzed
overnight versus 4.0 1 20 mM Imidazole (pH 7.2). Following

clarification by centrifugation, aliquots were stored at 4 °C.
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2-IX. PREPARATION OF THYO-PHOSPHOTYROSYL RCM LYSOZYME SEPHAROSE

COLUMN

RCM lysozyme (40 ng) -was phosphorylated as described
above except that 35s-gamma-thio-ATP was substituted for 32p-
gamma-ATP. The thio-phosphorylated protein was then dialyzed
overnight versus 0.1 M sodium borate (pH £.5) containing 0.5 M
NaCl, and coupled to CNBr activated sepharose according to the
manufacturer!s instructions. The <£final product was then
equilibrated with buffer A2 (see section XIa) and stored at 4
*C in the presence of 0.02% sodium azide. The coupling

efficiency was greater than 90%.

2=X. PROTEIN PHOSPHATASE ASSAYS

The standard phosphotyrosyl and phosphoseryl protein
phosphatase assays were performed as previously described
(Nelson and Branton, 1984).

p-Nitrophenol phosphatase activity was assayed in a 1.0
ml reaction volume containing 20 nmM p-nitrophenoclphosphate
(pNPP) as substrate. Reactions performed at pH 5.0 were carried
out using 100 mM sodium acetate buffer, at pH 7.0 in 100 =M
Tris-HCl buffer, and at pH 10.5 in 100 nM sodium carbonate

buffer. All assays were performed for 60 min at 37 °*C. The



52

reactions were terminated by the addition of 1.0 ml of 2.0 M
sodium carbonate and the absorbance of the solution at 410 nm
determined. The concentration of the reaction product

p—nitrophenol formed was determined using a molar extinction

coefficient of 17,800.

2-XI. PURIFICATION of PHOSPHOTYROSYL-PROTEIN PHOSPHATASES

All steps were performed at 4 °*C and 5.0 ml fractions
were collected in all cases except for the DES2 chromatography

step, iIn which case 10 ml fractions were collected.

2-XIa. Purification of pTPIII

Approximately 400 g of chicken embryo bodies were
minced, and then homogenized in 1.0 1 of 100 mM Tris-HCl (pH
7.0) containing 2.0 mM EDTA, 2.0 mM EGTA, 25 mM benzamidine-
HC1, 10 mM 2-ME, and 0.1 mM phenylmethylsulfonylfloride (PMSF).
The homogenate was centrifuged at 40,000 x g for 30 min. The
supernatant was collect and centrifuged at 100,000 x g for 60
min. The resulting supernatant, designated the cell extract,
was filtered through glass wool and applied to a Whatman DES2
column (4.5 x 26 c¢m) previously equilibrated with buffer A (20
mM Imidazole-HC1l (pH 7.2), containing 2.0 mM EDTA, 2.0 mM EGTA,
1.0 oM benzamidine-BECL, and 10 mM 2-ME). The column was washed

with 1500 mls buffer A and then eluted with a 2000 ml linear
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gradient of 0.0-0.5 M NaCl in buffer A. Phosphotyrosyl-;;rotein
phosphatase (pTP) activity present in the column flow through
fractions (pTPI) was collected and further purified as will be
described 1later. Salt gradient fractions containing pTP
activity (pTPIII) were pooled and applied directly to a
Cibracon Blue 3GA-agarose column (2.2 x 27 cm) Dpreviously
equilibrated with buffer A and the column washed with 500 ml
buffer A. pTPIII was eluted with a 500 ml linear gradient of
0.0-1.5 M NaCl in buffer A. Active fractions were pooled and
concentrated by centrifugation in Centriprep-10 concentrators.

The concentrated pTPIII sample was then applied to a
Sephacryl S$-200 column (2.2 X 85 cm) previcusly equilibrated
with buffer A. Active fractions eluted from the column werxe
pooled and applied directly to a poly-lysine Sepharose column
(1.6 x 20 cm) previously equilibrated with buffer A2 (buffer A
containing 10% v/v glycerol) and the column was washed with 500
nl buffer A2. pTP activity was then eluted with a 250 ml linear
gradient of 0.0-0.5 M NaCl in buffer A2. Fractions containing
activity were dialyzed overnight versus 4.0 1 buffer A2.

The pTP III sample was then applied to a thio-
phosphorylated RCM lysozyme-Sepharose affinity column (1.6 Xx
12) previously equilibrated with buffer A2. The column was
washed with 200 ml buffer A2 and then pTP activity was eluted
with a 250 ml 1:?.near gradient of 0.0-0.25 M NaCl in buffer A2.
Active fractions were pooled and dialyzed overnight versus 4.0

1 buffer A3 (buffer A containing 50% v/v glycerol). Aliquots



were then frozen at -70 °C.
2-XIb. Purification of pTP I

Pocled fractions of pTPI (DES2 flow through) were
applied directly to a Red-A Matrix gel column (1.6 x 15)
previously equilibrated with buffer B (20 mM Tris-HCl (pH 6.5)
containing 20% (v/v) glycerol, 1.0 mM EDTA, 1.0 mM EGTA, 10 mM
2-ME]}. The column was washed with 200 nls buffer B and then
developed with a 400 ml linear gradient of 0.0-1.5 M NaCl in
buffexr B. Active fractions were pooied and made 70% saturated
by the addition of solid ammonium sulfate. Following incubation
at 4 °*C for 90 min with constant stirring, the solution was
centrifuged at 6,000 x g for 45 min, and the pellet was
resuspended in 5.0 ml buffer B. After stirring 60 min at 4 °C,
the solution was clarified by centrifugation at 15,000 x g for
20 nin. fhe supernatant was then applied to a Sephadex G-75
column (2.6 x 65 cm) previously ecquilibrated with buffer B.
Active fractions were pooled and applied directly to a Whatman
CM52 column (2.2 x 25 cm) previously equilibrated with buffer
B2 (buffer B with 0.1 mM EDTA and 0.1 mM EGTA). The column was
washed with 500 ml buffer B2 and then developed with a 500 ml
linear gradient of 0.0-0.5 M NaCl in buffer B2. Active
fractions were pooled, dialyzed overnight versus 4.0 1 buffer

B2,

The pTP 1 sample was +then applied to a thio-
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phosphorylated RCM lysozyre-sepharose affinity column (1.6 X
12) previously equilibrated with buffer B2. The column was
washed with 200 ml buffer B2 and then pTP activity was eluted
with a 250 nl linear gradient of 0.0-0.25 M NaCl in buffer B2.
Active fractions were pooled and dialyzed overnight versus 4.0
1 buffer B3 (buffer B2 containing 50% v/v glycerol). Aliquots

were then frozen at =70 *C until further use.

2-XTI. CAIMODULIN (CAM)-AGAROSE CHROMATOGRAPHY

Partially purified pTPIII samples (0.5 mls of
preparations purified by anion exchange, Cibracoen Blue 3GA
agarose, and Sephacryl S-200 chromatography) were diluted 1/10
with buffer C [20 mM Tris-HCl (pH 7.0) containing 10% glycerol,
0.3 mM CaCl,, 3.0 mM magnesium acetate, 4.0 mM DIT, and 2.0 mM
2-ME] and stirfed at 4 °C for 30 min. The sample was then
applied to a 2.0 ml bed volume CAM-agarose column ecuilibrated
with buffer C. The column was washed with 20 ml buffer C, 10 ml
buffer C containing 200 mM NaCl, and then eluted with 10 ml of
buffer C containing 200 mM NaCl and 2.0 mwM EGTA. 2.0 =nl
fractions were collected during the washes and 1.0 ml fractions

were collected during elutien.
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2-XITII. PROTEIN DETERMINATION

Protein was determined according to the method of
Bradford (1976) using the BioRad protein assay dye reagent.

Gamma globulin was used as a standard for all assays.

2-XIV. ELECTROPEORESIS

2~=XIVa. SDS-PAGE of Proteins

The discontinuous gel system developed by Laemmli
(1970), consisting of a 5% stacking gel and a 103 separating
gel, was used to resolve proteins. Protein bands were
visualized by staining with either coomassie brilliant blue

(Chrambach et al., 1967) or silver (Oakley et al., 1980).

2-XIVb. PAGE of DNA Fragments

DNA fragments were resolved on either 4% or 5%
acrylamide gels electrophoresed in TAE [40 mM Tris-Acetate (pH

8.5), containing 2mM EDTA] according to standard protocols

(Maniatis et al., 1989).
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2-XIVec. Phosphoamino Acid Analysis

Purified 32p-labelled protein was hydrolysed in 6N HCl
at 110 °C for 1 hr. The hydrolysate was frozen in liquid Njp,
overlayed with H,0, frozen again, and then lyophilized. The
pellet was twice resuspended in 50 gl H,0 and dried under
vacuum, and finally resuspended in 20 pl H50. An aliquot
containing approximately 2000 cpm was mixed with 5 upg cold
phosphoamine acid markers (p-tyr, p-ser, and p-thr). This
aliquot was then spotted onto a cellulose thin layer
chromatography plate (Polygram CEL300) and overlayed with 0.5
#l tracking dye {0.1% orange G and 0.1% xylene cyanol). The
saxple was then subjected to two dimensional electrophoresis.
The first dimension involved electrophoresis at pH 1.9 (2.6%
formic acid and 8.2% acetic acid) until the orange G tracking
dye had travelled from the centre of the plate to the edge
closest to the cathode. Following rotation of the plate by 90
*C, the second dimension, electrophoresis at pH 3.5 (0.5%
pyridine, 5% acetic acid, and 1 mM EDTA) was performed. Eoth
dimensions of electrophoresis were performed at a constant
voltage of 1000 V. Cold phosphoamino acids were detected by
staining with ninhydrin. Radiolabelled phosphoamino acids were

detected by autoradiography.
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2-XIVd. DNA Agarose Gels

Agarose gels were cast according to well established
protccols {(Maniatis et al., 1989) and were run submerged under

TAE buffer.

2-XIVe. DNA Sequencing Gels

The products of DNA sequencing reactions were separated
on 8% sequencing gels prepared from 40% (19:1) stock acrylamide
solutions. The gels were cast and electrophoresed according to
standard laboratory procecures using TBE [89mM Tris-borate (pH

8.3), containing 25 mM EDTA] as the running buffer.
2-XV. DNA SEQUENCING REACTIONS

All sequencing reactions utilized double stranded DNA
as a template and were carried out according to the method of
Sanger et _al. (1977), using the protocol supplied with the T7-
DNA polymerase sequencing kit. All reactions were performed

using 358—a1pha-dATP (500 Ci/mmole) as the radioisotope.
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2-XVI. PURIFICATION of DNA FRAGMENTS

Following digestion with the appropriate restriction
enzyme(s), DNA samples were applied to a 5% acrylamide gel and
electrophoresed overnight. DNA fragments were then visualized
under UV light following staining with ethidium bromide.
Fragments of the appropriate size were excised from the gel and
transferred to a sterile eppendorf tube. The acrylamide was
crushed using a teflon plunger and 0.6 ml DNA elution buffer
(500 mM ammonium acetate, 10 mM magnesium acetate, 1 mM EDTA,
and 1% w/v SDS) was added. The sample was wrapped in tin feoil
and incubated overnight at 37 °C with mixing.

The acrylamide was then spun down by centrifugation and
the supernatant collected. The acrylamide was washed with DNA
elution buffer. The supernatants were pocoled, filtered through
siliconized glass wool, and the DNA collected by ethanol
precipitation. The DNA pellet was resuspended in 0.2 ml 0.3 M
sodium acetate and then reprecipitated with ethanol. The DNA
pellet was then washed with 70% ethanol, dried briefly under

vacuum, and then resuspended in 25 ul sterile H30.
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2=-XVII. PLASMID ISOLATION

2-XVIIa. Small Scale Isolation of Episomal DNA

2.0 ml bacterial cultures were grown overnight in the
appropriate selection medium. 1.5 ml of the culture was
transferred toc a sterile eppendorf tube and the bacteria
pelleted by centrifugation. The supernatant was removed, the
bacteria resuspended in 0.2 ml glucose lysis buffer [25 M
Tris-HCl1 (ph 8.0) containing 50 mM glucose, 10 mM EDTA, and 4
mg/ml lysozyme]. Following incubation of the suspension at room
temparature for S5 min, 0.4 ml freshly prepared 0.2 M NaOH/0.1%
SDS was added, and the tubes mixed by inversion. After
incubation on ice for 5 min, 0.3 ml 7.5 M ammonium acetate was
added, the samples were nixed by vortexing for 30 sec, and then
samples were returned to the ice for a further 10 min
incubation. Debris was then pelleted by centrifugation for 5
min, the supernatants transferred to a fresh sterile eppendorf,
and 0.6 volumes isopropyl alcchol was added. Following a 10 min
incubation at room temperature, the samples were centrifuged
for 10 min. The resulting pellets were washed with 0.5 ml 70%
v/v ethanecl, dried briefly under vacuunm, and then resuspended
in 75 pl sterile H50. A 10 pl aliquot was then subjected to
restriction digestion analysis to identify the appropriate
plasmids. Prior to sequencing, 5 pl strataclean resin was added

to each sample. The samples were mixed by vortexing for 15
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secC., incubated 1.5 min. at room temperature and then
centrifuged for 2 min. The supernatants were transferred to
fresh sterile eppendorfs and an 8 pl aliquot of each sample was

used in subsequent sequencing reactions.

2-XVIIb. Large Scale Isolation of Episomal DNA

Large scale plasmid isolations were performed according
to established protocols (Maniatis et al., 1989). Further
purification was accomplished by ultracentrifugation through a

12% CsCl density gradient.

2-XVIII. UNIDIRECTIONAL DELETION of PLASMIDS

Unidirectional deletion of plasmids was performed using
Exo III according to the method of Henikoff (1987). Deleted
plasmids were used as templates for sequence determinations.
Such deletions allow for the use of a single oligonucleotide
primer to segquence across the entire length of a plasmid

insert.
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2-XTX. SCREENING of LAMBDA gtll cDNA LIERARY

A total chicken embryo (10-11 day) cDNA library was
screened for phosphotyrosyl-protein phosphatase encoding
sequences using standard laboratory protocols (Ausubel et _al.,
1989). Both single stranded synthetic oligonucleotides and
double stranded DNA fragments were used as hybridization
probes.

The following degenerate oligonucleotides were used as
probes: PTP-A, GTICA(C/T)TG(C/T)TC(A/C/T/G)GC(A/C/T/G)GGIGT;
PTP-B, GTICA(C/T)TG{(C/T)AG(C/T)GC(A/C/T/G)GGIGT (I = 1inosine
triphosphate:. These sequences encode the phosphotyrosyl-
protein phosphatase consensus anino acid sequence VHCSAGV. The
same oligonucleotides were used by Streuli et al. (1989) to
clone two Drosophila phosphotyrosyl-protein phosphatases.

The 5' ends of these oligonucleotide probes were
labelled with 32p-gamma-ATP (3000 Ci/mmole) according to
established protocols (Ausubel et al., 1989). The probes were
hybridized overnight at 48 °*C in sodium citrate/sodium chloride
buffer, and washed at 55 °C.

The DNA fragment probes were labelled with 32p-alpha-
dATP (3000 Ci/mmole) through the use of a nick translation kit.
All reactions were preformed according to the instructions
supplied with the kit. DNA fragments were hybridized overnight

in formamide buffer at 42 °*C, and washed at 65 °C.
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2=XX. DNA AMPLIFICATION USING THE POLYMERASE CHAIN REACTION

DNA amplification using the polymerase chain reaction
(PCR) was performed according- to the method of Saiki et al.
(1988), using the reaction buffer supplied by the thermostable

Tag DNA polymerase manufacturer.
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CHAPTER 3: BIOCHEMICAY, ANALYSIS OF CHICKEN EMBRYO

PHOSPHOTYROSYL-PROTEIN PHOSPHATASES

Previous studies by our group, using 32p-labelled IgG
as substrate, identified at least three separable pTP
activities in soluble protein extracts prepared from cultured
chicken embryoc fibroblasts (CEFs) (Nelson and Branton, 1984).
pTPI was present in the flow through of a D%¥52 (anion exchange
resin) column but was retained on a CM52 (cation exchange
resin) column. pTPII and pTPIII were retained by and partially
separated on DES2. All of the enzymes exhibited similar
bicchemical characteristics and had 1little or no activity
against a phosphoseryl-protein substrate. Various studies
suggested that these enzymes were not related to any of the
known phosphoseryl/phosphothreonyl-protein phosphatases.

In the hope of gaining more information about the
chicken pTPs, we have extended the studies described above. In
order to purify the enzymes sufficiently to allow cloning of
the genes that encode them, we have expanded the purification
protocol used to isolate these enzymes. The protocol now

includes an affinity chromatography step as well as other

procedures.
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3-I. PURIFICATION OF PHOSPHOTYROSYL-PROTEIN PHOSPHATASES

3-Ya. Phosphoamino Acid Analysis of Substrates

Expansion of the protocol used to purify the chicken
pTPs required the production of greater amounts of
phosphotyrosyl-protein substrate in order to assay column
fractions at each step in the purification scheme. Generation
of larger amounts of >2P-labelled IgG proved to be impractical.
It was therefore necessary to investigate the use alternative
substrates. Two other substrates were used in this study. Acid
denatured enolase and RCM-lysozyme were phosphorylated in wvitro
using the pp130929-fPS pTK or receptor pTK preparations (see
Materials and Methods).

Figure 1 shows the results of phosphoamino acid
analysis of the two alternative phosphotyrosyl-protein
substrates used in this study. The results of a similar
analysis of the other substrates has been reported elsewhere
(Nelson and Branton, 1984). Figures la and lb show the results
of analyses of enolase and RCM-lysozyme phosphorylated by the
fps pTK. Similarly, Figures 1lc and 1d present results obtained
with the same substrates phosphorylated by receptor tyrosine
kinase preparations. In all cases, the substrates appeared to
contain phosphotyrosine as their sole radiolabelled

phosphorylated amine acid.
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Figure 1. Phosphoamino Acid Analysis of Substrates.

Enclase and RCM lysozyme were phosphorylated in vitro
with 32P as described in Materials and Methods, using either
fps (Figures la and 1b, respectively) or placental receptor
kinase preparations (Figures 1lc and 1d). Aliquots of the
reaction mixtures were subjected to vphosphoamine acid
analysis. Open <circles indicate the positions of cold
phosphoserine (pS), phosphothreonine (pT), and phosphetyrosine
(pY) markers. X denotes the origin. The spot in the upper right
of each figure represents free phosphate, while that below and
to the left of the origin results from incompletely hydrolyzed
peptides in the reaction mixture.
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3-Ib. The Effect of Chelators on the Purification of pTPs by

DEAE- and (M-Cellulose Chromatography.

Previous studies by our group, using 32p-labeled IgG as
substrate, identified the presence of at least three species of
pTP activities in soluble extracts prepared from cultured
chicken embryo fibroblasts (CEFs) (Nelson and Branton, 1984).
In an attempt to separate these species more completely, larger
DEAE-cellulose {an anicon exchange resin) columns and shallower
salt elution gradients were employed. Figqure 2A shows that
under these conditions, in addition to the activity present in
the column flow through, three pTP activities were eluted from
the column. Two of these eluted at salt concentrations typical
of pTPII and pTPIII, however, a new form was detected, termed
PTPIIA, which eluted at a salt concentration intermediate
between the other two forms. These data suggested that at least
four pTPs could be detected in CEF extracts. In the previcus
study (Nelson and Branton, 1984), pTPI had been shown to bind
0 CM-cellulose columns (a cation exchange resin). As shown in
Figure 2B, under the expanded chromatography conditions, three
species could also be resolved on CM-cellulose, termed pTPIA,
pPTPIB and pTPIC. These results indicated the presence of »
total of at least six identifiable pTP activities in soluble
extracts of prepared from CEFs.

Earlier studies on the isolatiqn‘of serine/threonine

specific phosphatases (pSPs) had demonstrated that these
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Fiqure_2. Separation of pTPs by Ion Exchange Chromatography I.

Extracts from CEF prepared in the absence (Fig. 2a) or
presence (Fig. 2b) of 2mM EGTA and 2mM EDTA were fracticnated
by DES52 cellulose chromatography as described in Materials and
Methods. Activity present in the flow through from these
extracts was rechromategraphed on (M52 cellulose {Figs. 2c¢ and
2d, respectively). In all cases aliquots from each fraction
were analyzed for pTP activity using S2P-labeled IgG (closed
circles) or enolase (open circles) as substrate. The dotted
line 1indicates the salt concentration within the gradient.
Values represent the average of duplicate samples and have been
expressed as a ¥ of the highest activity observed.
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enzymes were extremely sensitive to proteolytic degradation, in
particular, to degradation by calcium—-dependent proteases
(Brautigan et =al., 1585; Stewart et al., 1983). These
degradation products have been purified and in many cases they
retained phosphatase activity. To determine whether pTPs were
similarly sensitive to the actions of these proteases, and to
further examine the origin of the multiple pTP activities
detected 1in CEFs, <c¢ell extracts were prepared and
chromatographed in the presence of 2 mM EGTA and 2 mM EDTA.
These components were included in reagents in ordexr to chelate
metal ions and thus inhibit metal-dependent proteases. Figure
2C shows that in the presence of these chelators essentially
only two pTP activities were separated by DEAE-cellulose
chromatography, one in the column flow through (pTPI), and a
second which eluted at the same salt concentration found
previocusly with pTPIII. A small amount of activity was present
in the position of pTPI1. These data suggested that pTPII and
pPTPIIA could represent degradation products of pTPIII. Figure
2D shows that in the presence of EGTA and EDTA, pTPI activity
separated by CM-cellulose chromatography was present in a
single species rather than in the three forms shown in Figure
2B. These results suggested the possibility that only one form
of pTPI activity exists, and that the other two species may
represent proteolytic breakdown products.

Figures 2C and 2D also show that when 32P labelled

enolase was used as substrate, ion exchange chromatography of
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soluble CEF extracts resulted in profiles of pTP activity that
were identical to those seen using IgG as substrate.

It was possible that these results mnight have been
explained by the inhibition of pTP activity EGTA and/or EDTA,
perhaps due to a requirement by the enzymes for calcium. To
address this question directly, pTPI (DE-52 flow through, ie. a
mixture of forms A, B and C), pTPII, pTPIIA and pTPIII were
purified as described in Figqure 2A and phosphatase activities
were assayed in the presence and absence of EDTA and EGTA using
32p-labelled IgG as a substrate. Table 1 shows that neither
chelating agent had an effect on any of the pTP activities.
These data supported the idea that several of the pTPs detected
in CEF extracts may have resulted from the degradation of two

principal pTP activities, now termed pTPI and pTPIIIX.

3-Ic. Purification of pTP Activities from Chicken Embryos.

As only relatively small amounts o©of protein could be
obtained from k extracts prepared from CEF cultures, further
biochemical studies of the pTPs were both very difficult and
costly. To make further investigations more feasible, studies
were carried out to determine the nature of pTP activity
present in chicken embryos, and in particular, those present in
soluble extracts prepared from the embryo tissues normally used

to generate CEF cultures. Embryos were dissected to remove
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TABLE 1 EFFECT OF EGTA AND EDTA ON pTP ACTIVITY
Standard 2 oM 2 =M 2 mM

pTP Conditions EDTA EGTA EDTA + EGTA

I 100 98 100 102

IT 100 98 110 103

I1ia 100 102 110 93

IIT 100 96 104 96

Table 1

Table 1 shows the results of phosphatase assays carried out
using partially purified pTPI, pTPII, PpTPIIA or PpTPIII
preparations. Each +wvalue represents an average of two
experiments done in triplicate and is presented as a ¥ of the
maximal activity observed under standard conditions. In all
cases the amount of phosphate released was in the fmol range
and represented about 10 to 20% of the added substrate.
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heads, wings, legs and internal organs, and the resulting chick
enbryo bodies were homogenized. Soluble protein extracts were
then prepared in a fashion similar to that used with CEFs.

Figure 3a and 3b show the profiles of pTP activities
following ion exchange chromatography of such extracts on DE~52
and CM-52 resins. The levels of protein analyzed from these
extracts were similar to those studied previously using
extracts from CEFs. Extracts were prep.red and assays performed
in the presence of EDTA and EGTA using either 32p-labelled
enolase or S2p-labelled RCM 1lysozyme as substrate. Both
substrates gave essentially identical results. As shown
previocusly using extracts from CEFs, pTPI and pTPIII were the
major activities detected. The data presented in Figure 3a and
3b show that a single pTP 2:otivity bound to and eluted from
each of the ion exchange resin. These data indicated that the
PTP activities detected in chick embryos appeared comparable to
those isolated from CZFs. Thus, chick embryos were used in all

future experiments.

3-Id. Purification of pTPIII

To obtain more highly purified pTPIII, the material
isolated by chromatography on DES2, as described in Figure 3a,
was subjected to a series of further purification steps. In

general, soluble protein extracts prepared from approximately
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Figure 3. Separation of pTPs by Ion Exchange Chromatography.

Extracts from chicken embryc bodies prepared in the
presence of 2mM EGTA and 2mM EDTA were fractionated by DES52
cellulose chromatography (Figure 3a). Activity present in the
flow through from these extracts was rechromatographed on CMS52
cellulose (Figure 3b)}. In all cases’ allquots from each fraction
were analyzed for oTP activity u51ng 2p~labeled enolase (solid
lane) or RCM-Lys (dotted line) as substrate. The dashed line
indicates the salt concentration within the gradient. Values
have been expressed as a $ of the highest activity observed.
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400 g of chicken embryo bodies were used as the starting
material. Identical profiles to those shown in Figure 3a were
obtained when larger columns were emploved to process the
greater amounts of protein present in these larger volume
extracts (data not shown).

To purify pTPIII further, fractions containing pTPIII
activity, which eluted from the DE-52 resin at approximately
150 mM NaCl, were pooled and applied directly to a Cibracon
Blue 3GA-agarose column. Figure 4 shows the pattern of
activities resolved by chromatography on this resin. pTPIII
activity generally eluted from the column at approximately 700
mM NacCl. As is summarized in Table 2, chromatography on DES52
typically led to a 13.6-fold purification of pTPIIX, while that
oen Cibracon Blue 3GA agarose produced about a 2-fold
enrichment.

The next step in the purification protocol involved
molecular sieving chromatography on Sephacryl S$-200. Aside from
providing a 4 fold purification of the enzyme, this technique
also provided an estimate of the molecular weight of pTPIII. In
general the activity eluted from the column at a position
corresponding to a molecular weight of approximately 60 kd. A
typical elution profile has been presented in Figure S.

A further 3-fold purification of pTPIII was cobtained by
chromatography on Poly-lysine Sepharose. pTPIII activity bound
to the c¢olumn and was subsequently eluted at a salt

concentration of approximately 200 mM NaCl. Figure 6
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Figure 4. Chromatography of pTPIII on Cibracon Blue 3GA
Agarose.

DE-52 purified pTPIII was subjected to Cibracon Blue
3GA chromatography as described in Materials and Methods.
Aliquots from each fraction were assayed using 32P-labelled RCM
lysozyme as substrate. Values have been expressed as a § of the
highest activity observed. The solid 1line represents pTP
activity, while the dashed 1line indicates the salt
concentration within the gradient.
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Figure 5. Chromatography of pTPIII on Sephacryl S-200.

Cibracon Blue 3GA purified pTPIIXI was further purified
by molecular sieving chromatography on Sephacryl S-200.
Aliquots were assayed for pTP activity using 3“4P-labelled RCM
lysozyme as substrate. Values have been expressed as a % of the
highest activity observed. The solid line indicates the pTP
activity. The arrows dencte the positions at which the marker
proteins eluted {1) r-globulin (150 kd), 2) bovine serunm
albumin (67 kd), 3) ovalbumin (44 kd), 4) chymotrypsinogen (25
kd), S) myoglobin (17 kd), and 6) Ribonuclease (13.5 kd)].
pTPIII eluted with an apparent melecular mass of approximately
60 kd.
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Figure 6. Chromatography of pTPIII on Poly-Lysine Sepharose.

Sephacryl S-200 purified pTPIIX was subjected to
Polylysine Sepharose chromatography as described in Materials
and Methods. Aliquots were assayed for pTP activity using 32p-
labelled RCM lysozyme as substrate. Values have been expressed
as a % of the highest activity- observed. The solid line
indicates the »TP activity. The dashed line denotes the salt
concentration within the gradient.
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jllustrates such a purification step.

Following overnight dialysis to remove salt, pTPIII was
subjected to the final step in the purification protocol. The
enzyme was purified by affinity chromatography on a resin
prepared by coupling thio-phosphotyrosyl RCM lysozyme to CNEr
activated Sepharose. Affinity chromatography resulted in a
further 6-fold purification of the enzyme. PTP activity eluted
at salt concentration of approximately 75 mM NaCl (see Figure
7)-

A summary of the purification of pTPirI is shown in
Table 2. A total purification of approximately 1900-fold was
achieved. To examine the pattern of proteins present at each
purification step more directly, samples were analyzed by SDS-
PAGE. Figure 8 shows the results fcllowing coomassie blue
staining of a 10% polyacrylamide gel on which protein samples
(2.5 pg) from each purification step were analyzed. While it
was clear that samples from the preliminary stze= in the
purification protocol contained many protein species, fewer
were observed with each subsequent purification step. A single
protein band at approximately 58 kd can be seen in the affinity
purified pTPIII preparation (lane 7). This observation
suggested the possibility that the enzyme had been purified to
homogeneity. However, further analysis sugggsted_that this was
not the case. Figure 9 shows the results of silver staining of
a similar SDS-PAGE gel in which 1/10th the amount of protein

used in Figure 8 was analyzed. Examination of lane 7 indicated
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Ficure_ 7. Chromatocraphy of pTPIII on Thio-phosphotyrosyl-RCM
Lysozvne Sepharose.

Poly-lysine Sepharose purified pTPIII was further
purified by affinity chromatography on a thio-phosphotyrosyl-
RCM lysozyme Sepharose column as described 1n Materials and
Methods. Aliquots were assayed for pTP activity using 32p-
labelled RCM lysozvme as substrate. Valuss have been expressed
as a % of the highest activity observed. The solid 1line
indicates the pTP activity. The dashed line denotes the salt
concentration within the gradient.
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Ficure 8. SDS-PAGE Analysis of Purified pTPIII I.

Aligouts of protein (2.5 pg) from each stage of
purification were separated Dby electrophoresis on a 10%
polvacrylamlde as described in Materials and Methods. Protein
bands were visualized by staining the gel with coomassie
brilliant blue dye. Lane 1) cell extract; lane 2) DE-52
purified pTPIII:; lane 3) Cibracon Blue 3GA Agarose purified
pTPIII; lane 4) Sephacryl S-200 purified pTPIII; lane 5) Poly-
lysine Sepharose purified pTPIII; lane 6) Thlo—phosphotyrosyl—
RCM lysozyme Sepharose column wash-through protein; 7) Thio-
phosphotyrosyl-RCM 1lysozyme Sepharose purified pTPIII. The
arrows denote the positions of the marker proteins:
phosphorylase b (92.5 kd, arrow a), bovine serum albumin (67
kd, arrow b), ovalbumin (45 kd, arrow c), and carbonic
anhydrase (31 kd, arrow d).
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Ficure 9. SDS-DAGE Analysis of Purified pTPIII IX.

Aligouts of protein (0.25 pg) from each stage of
purification were separated by electrophoresis on a 10%
polyacrylamide as described in Materials and Methods. Protein
bands were visualized by silver stairing. Lane 1) cell extract;
lane 2) DE-52 purified pTPIII; lane 3) Cibracon Blue 3GA
Agarose purified pTPIII; lane 4) Sephacryl S-200 purified
pPTPIII; lane 5) Poly-lysine Sepharose purified pTPIII: lane 6)
Thio-ph~sphotyrosyl-RCM lysozyme Sepharose column wash-through
protein; 7) Thio-phosphotyrosyl-RCM lysozyme Sepharose purified
PTPIII. The arrows denote the positions of the marker proteins:
phosphorylase b (92.5 kd, arrow a), bovine serum albumin (67
kd, arrow b), ovalbumin (45 kd, arrow c¢), and carbonic
anhydrase (31 kd, arrow 4).
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Table 2 Purification of pTPIII
Specific
Volume Protein Activity Activity Purification
Step (ml} (ng/ml) (nm/ml/min) {(nm/mg/min) (fold)
Cell
Extract 675 6.36 3.8 0.6 -
DE-52
Cellulose 500 1.46 11.9 g.2 14
Cibracon
Blue 3GA
Agarose 132 .32 59.9 18.7 31
Sephacryl
5-200 45 .82 58.8 72.0 120
Poly-Lysine
Sepharose 38 .32 60.7 190.0 317
Thio=-pTyr
RCM Lysozyme
Sepharose 37 .02 18.1 1134.0 18990
Table 2

Table 2 shows the results of the purification of pTPIII
from a total of 400 g chicken embryos as starting material. pTP
activity was measured with 32P-labelled RCM lysozyme as
substrate, at a final concentration of 5 uM in the assay
mixture. The results presented are the average of triplicate

determinations.
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the presence of some minor impurities within the affinity
purified enzyre preparation. Silver staining has been shown to
be approximately 100 fold more sensitive than coomassie blue
staining. While as 1little "as 1.0 ng of protein can be
visualized with siver staining, approximately 100 ng of protein
is required for detection using coomassie blue. Turther, the
intensity of staining observed with coomassie blue is roughly
proportional to the amount of protein present, whereas that
observed with silver is not. Thus, despite the presence of the
impurities visualized by silver staining, the results presented
suggested that an approximately 90% purification of pPTPIIL had
been accomplished. This estimation of the purity was based on
the fact that while a total of 2.5 pg of affinity purified
pTPIII was applied to the polyacrylamide gel presented in
figure 8, none of the impurities were visualized by coomassie

blue staining.

3-Ie. Purification of pTPI

Following purification by chromatography on DES2 (pTPI
vwas not retained on the DES52 column), a protocol somewhat
similar to that employed with pTPIII was utilized to purify
pTPI. As summarized in Table 3, a purification of only about
200-fold was obtained based on the specific pTPI enzyme

activity. Figure 10 shows the results of silver staining of a
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Table 3 Purification of pTPIX

Specific

Volume Protein  Activity Activity Purification

step {ml) (mg/ml) (nm/ml/min)} (nm/mg/min) (fold)
Cell
Extract 845 8.5 6.0 0.7 @ m=———
DE-S52
Celluleose 120 13.1 33.5 2.6 4
Red 2
Matrix 65 5.6 55.9 10.0 14
G-75
Sephadex 40 3.2 67.1 21l.0 30
CM-52
Cellulose 85 0.54 33.5 62.0 89
Thio-RCM
Lysozyne
Sepharose 27 0.05 6.2 124.0 177
Table 3

Table 2 shows the results of the purification of pTPI
from a total of 450 g chicken embryos as starting material. pTP
activity was measured with 32p-labelled RCM 1lysozyme as
substrate, at a final concentration of 5 uM in the assay
mixture. The results presented are the average of triplicate
determinations.
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icure 10. SDS-PAGE Analysis of Purified pTPI.

Aligouts of protein (0.25 ug) from each stage of
purification were separated by electrophoresis on a 10%
polyacrylamide as described in Materials and Methods. Protein
bands were visualized by silver staining. Lane 1) cell extract;
lane 2) DE-52 purified pTPI, ie. flow through; lane 3) Red A
Matrix purified pTPI; lane 4) Sephadex G-75 purified pTPI; lane
5) CM-52 purified pTPI, lane §) Thioc—-phosphotyrosyl—-RCM
Lysozyme Sepharose purified¢ pTPI. The arrows denote the
positions of the marker proteins: phosphorylase b (92.5 k4,
arrow a), bovine serum albumin (67 kd, arrow b), ovalbumin (45
kd, arrow c), and carbonic anhydrase (31 kd, arrow d).
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10% polyacrylamide gel in which samples of extracts (0.25 pg)
from each purification step were resolved by electrophoresis.
Clearly, the enzyme had only been partially purified. The most
prominent protein band migrated at an approximate meolecular
mass of approximately 35 kd. This species could represent the
pTPI protein but this possibility was clearly uncertain.

In general, pTPI activity was unstable and was often
lost during the purification process. The peaks of activity
eluting from chroﬁ:atography columns were often cquite broad,
resulting in only low levels of purification. The reasons for
these observations were unclear, however, because of this
property, it was not possible to purify pTPI to the same levels
as attained with pTPIII. Purification of pTPI will 1likely
require the establishment of conditions that would stabilize

enzyne activity.

3-IT. RELATIONSHIP OF CHICKEN EMBRYO pTPs TO CALCINEURIN

It was possible that the enzymes pPTPIII and pTPIL
jsolated from chicken embryos may have represented previously
identified phosﬁ:hoprotein phosphatase activities. The type 2B
_ phosphoserine specific phosphatase, also known as calcineurin,
has been shown to possess some activity against phosphotyrosyl
protein substrates {(Pallen and Wang, 1983; Chernoff et _al.,

1984; Chan et al., 1986; Kincaid et al., 1986). It is unlikely
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that ©pTPI represents calcineurin activity because unlike
calcinevrin, it fails to bind to DEAE-cellulose. However,
pTPIII shares some properties with the type 2B phosphatase. It
binds to both DEAE-cellulose and Cibracon Blue 3GA-agarose, and
elutes at similar, though somewhat higher, salt concentrations
(Sharma et al., 1983). Although previous studies had fajiled to
show any stimulatory effects by the addition of calcium and/or
calmodulin (Nelson and Branton, 1984;, it was possible either
that sufficient gquantities of the holoenzyme were not present
in these preparations, or that the assay conditions used were
not appropriate. To address this question more carefully,
partially purified pTPIII was assayed against 32p-labelled
enolase in the presence of divalent cations and bovine
calmodulin. As a positive control, purified calcineurin (a gift
of Jerry Wang) was also tested using enolase as a
phosphotyrosyl substrate and 32p-1abelled casein as a
phosphoseryl substrate. Table 4 shows that divalent cations,
both in the presence and absence of calmodulin, had 1little
effect on pTPI or pTPIII activity. Under similar conditions
using enolase as a substrate, bovine calcineurin was stimulated
by a small amount, 1.17- to 1.43-fold by divalent cations
alone, and 1.64- and 2.64-fold by calmodulin in the presence of
cat2, or cat?2 plus Mg*2, respectively. Using casein as
substrate, calmodulin stimulated calcineurin activity by over
20-fold, indicating that the effects on calcineurin were much

more pronounced against phosphoseryl substrates.
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TABLE 4 BIOCHEMICAL ANALYSIS OF pTP ACTIVITIES
pTPI pTPIII Calcineurin Calcineurin

conditions (enolase) {enolase) (enolase) (casein)
standard 100 100 100 100
1 mM ATP 4 4 nd nd
10 pM NapVo4 26 23 nd nd
100 pM Zinc

Acetate 27 24 nd nd
250 pM Mg+t 82 90 122 172
250 pM Mn*Y 73 84 143 nd
100 pM cat¥ 85 104 117 nd

100 gM catt
+ calmodulin 97 86 164 2047

250 pM MgTt
+ 100 pM catt 84 90 240 2149
+ calmodulin

50 mM NaF
+ 1 mM EDTA 100 83 nd nd

Table 4

Table 4 shows the results of phosphatase assays carried
out under standard conditions, with modifications noted, using
purified pTPI or PpTPIII preparations or affinity purified
bovine calcineurin (provided by Jerry Wang) with either 32p-
labelled enolase ox 32p-labelled casein as substrate. Each
value represents an average of two experiments done in
triplicate and has been presented as a $ of the activity
obtained under standard conditions. In all cases the amount of
phosphate released was in the fmol range and represented about
10 to 20% of the added substrate.
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To examine ¢the relaztionship between PpTPIII and
calcineurin further, these enzymes were tested for their
ability to bind to calmodulin (CAM)-agarose in the presence of
calcium, a property characteristic of calcineurin (Sharma
etal., 1983; Stewart et al., 1983). Column fractions were
assayed using 32p-labelled enolase or 32P-labelled casein as
substrate. Figure 1lla shows the results obtained using the
phosphotyrcsine containing substrate, while Figure 11b depicts
the results obtained using the phosphoserine substrate. The
data demonstrate that while calcineurin activity was retained
on the calcium-calmodulin column, partially purified pTPI1I
failed to bind. These results strongly suggested that pTPIII is
not a calcineurin-like enzyme. While calcineurin is undoubtedly
present in chicken embryos, it presumably represents only a
minor portion of the phosphotyrosyl phosphatase activity

present in the extracts.

3-IXI. RELATIONSHIP OF CHICKEN EMBRYO pTPs TO ACID AND

ALRKALINE PHOSPHATASES

Phosphotyrosyl phosphatases isolated from human liver
(Taga and Van Etten, 1982), placenta (Waheed et al., 1l988),
erythrocytes (Boivin and Garland, 1986), and prostate (Li. et
al., 1984); bovine skeleton (Lau et al., 1985); and rabbit

kidney (Shriner and Brautigan, 1984; Sparks and Brautigan,
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Figure 11. Calmodulin-Agarose Chromatography of Partially
Purified pTPIII.

Partially purified pTPIII was subjected to calmodulin-
agarose chromatography as described in Materials and Methods.
Aliquots were assayed for PpTP activity using 32p-labelled
enolase as substrate (figure 1la), and for pSP activity using
32p_labelled casein as a substrate (figure 11b). Values have
been expressed as a % of the righest activity observed. The
solid line indicates PpTPIII activity and the dotted 1line
represents calcineurin activity. The vertical lines indicate
the points at which the 200 mM NaCl wash buffer and the 200
mM/2mM EDTA elution buffer were applied to the column.
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1985), all display properties of acid phosphatases. Activities
purified from canine heart (Li et al., 1979), rat liver (Strout
et al., 1988) and human TCRC-2 cells (Swarup et al., 1981%:
Swarup et al., 1982) clearly resemble alkaline phosphatase.
Although previous studies on pTPs from CEFs had indicated a
broad but neutral pH optimum against 32p-IgG (Nelson and
Branton, 1984}, it was possible different results might be
obtained using other substrates. The pH ranges for pTPI and
pTPIII, as well as for commercial potato acid phosphatase and
bovine alkaline phosphatase were examined using 32p-enolase and
p-nitrophenol phosphate (pNPP) as substrates. Table 5 shows
that acid phosphatase demonstrated an acid optimum against both
enolase and pNPP. Alkaline phosphatase, while having an evident
alkaline 'optimu;n for activity against pNPP, the enzyme was
jnactive at pH 10.5 with enoclase as substrate. Rather, alkaline
phosphatase demonstrated activity against enolase at acid and
neutral pH. Both pTPI and pTPIII were active against pNPP, and
both enzymes displayed a pH optimum typical of acid
phosphatases. With enclase as substrate, pTPI was equally
active at pH 5.0 and pH 7.0 and pTPIII was active at pH 5.0 but
two fold higher at pH 7.0. These data indicated that neither
pTPI nor pTPIII possess properties typical of alkaline
phosphatases, but both have characteristics of acid
phosphatases. In separate studies potato acid phosphatase was
shown to respond to divalent cations in a fashion comparable to

the chicken embryo pTPs (data not shown). Differences in other



103

TABLE 5 TEE EFFECT OF pH ON pTP ACTIVITY

Enolase PNPP
Enzyme pH 5.0 pH 7.0 "pH _10.5 pH 5.0 pH 7.0 pH_ 10.5
pTPI 36 100 3 100 74 o
pTPII 46 100 0 100 50 0
acid
phosphatase 100 14 1 100 72 0
alkaline
phosphatase 77 100 0 4 38 100
Table 5

Table 5 shows the results of phosphatase assays carried
out at various pH using purified pTPI or pTPIII preparations or
commercial (Sigma) bovine alkaline phosphatase or potato acid
phosphatase. Each value represents an average of two
experiments done in triplicate and is presented as a % of the
maximal activity observed at each pH. In all cases the amount
of phosphate released was in the fmol range and represented
about 10 to 20% of the added substrate.
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properties also argued that pTPI and pTPIII are unrelated to
alkaline phosphatases. These enzymes generally require znt2 and
may be stimulated by Mg*? (Cathala and Brunel, 1975). The pTPs
from CEFs and chicken embryos are inhibited by zn¥2 (Nelson and
Branton, 1984) and, as can be seen from the data presented in
Table 4, divalent have no stimulatory effect on pTPI or pTPIII
activity. These data, as well the pH optima, suggested that

pTPI and pTPIII may be related to acid phosphatases.

3-IV. RELATIONSHIP OF CHICKEN EMBRYO pTPS TO PHOSPHOSERYL

PHOSPHATASES

Of the classic forms of phosphoseryl-protein
phosphatases (Cohen, 1989), results already presented clearly
demonstrate that pTPI and pTPIII do not possess properties
characteristic of the type 2B calcium-calmedulin stimulated
phosphatase (Table 4 and Figure 11).

Type I and 22 phosphatases are typically inactivated by
treatment with NaF in the presence of EDTA at 30°C for 30 min
(Ingebritsen and Cohen, 1983; Ingebritsen et al, 1983), and as
shown in Table 4, such treatment had little or no effect on
either pTPI or pTPIII. This observation suggested that the
chicken embryo 'pTPs are distinct from the type I and 2a

enzymes.
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The type 2C phosphatases possess a marked Hg+2
dependence (Cohen, 1989) and such was not observed with the
chicken embryo pTPs, indicating that these enzymes are distinct
from the type 2C phosphatases. Thus, phosphatases pTPIII and
pTPI both appeared to represent novel enzymes which were
clearly unrelated to the classic forms of protein phosphatases
and likely members of the new class of phosphotyrosine specific

phosphatases.
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CHAPTER 4: ISOVATION OF PHOSPHOTYROSYL-PROTEIN PHOSPHATASE

CcDNA CLONES

During the course of this study the amino acid sequence
of pTP1B, the placental pTP purified by Tonks et al. (1988a},
was reported. Based upon a comparison of the sequences of pTP1B
with those previously determined for CD45 and LAR, Streuli et
al. (1989) designed oligonucleotide probes which were then used
to screen a Drosophila ¢DNA library. This work resulted in the
isolation of two Drosophila pTP c¢DNA clones. The
oligonucleotide probes used corresponded to the amino acid
sequence VHCSAGV. This sequence is found at amino acid residues
303-9 of pTP1B (Tonks et al., 1988a), and is highly conserved
in other pTPs. A mixture of two oligonuclectides, pTP A and
PTPB (for sequences see Materials and Methods, section XIX),
was required in order that all possible serine codons could be
represented within the hybridization mixture without including
any irrelevant amino acid codons. Also, deoxy-Inosine was
incorporated at the 3' and 5' ends of the oligonucleotides in
order to minimize degeneracy. In light of the success achieved
by Streuli et al. (1989), the oligonucleotide probes described
above were prepared and used to screen a total chicken embryo
¢DNA library in order to isolate cDNAs encoding chicken pTP

enzymes.
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4=-I. Isoclation of Clones H3 and E4

Approximately 3 X 105 plaques from a lambda gtll cDNA
library prepared from whole chicken embryo tissues (10-11 days
old) were screened by hybridization with 32p-labelled
degenerate oligonucleotide probes (described above). As a
result of this screen, two positive clones, designated E4 and
H3, were identified and purified. Viral DNA from each clone was
jsolated and subjected to restriction enzyme analysis. The
results indicated that the two clones likely contained inserts
corresponding to two different pTP cDNAs. Figure 12 shows that
digestion of E4 with EcoR I (lane 8) yielded fragments of
approximately 0.6 kb and 1.7 kb, whereas a similar digest of H3
(lane 4) resulted in fragments of 0.9 kb and 1.9 kb. These
results indicated that E4 and H3 contained cDNA inserts of
approximately 2.3 kb and 2.8 kb, respectively.

The enzymes Xpn I and Sac I each cut lambda gtll viral
DNA twice on opposite sides of the EcoR I cloning site,
including sites approximately 1 kb from the EcoR I site.
Digestion of the lambda virus vector (ie. virus lacking a cDNA
insert) with these enzymes yielded a 4.4 kb Sac I viral DNA
specific fragment, a 1.6 kb Ken I viral DRA specific fragment,
as well as two fragments of approximately 23 kb corresponding
to the lambda virus arms.

Digestion of E4 with Kpn I and Sac I (Figure 12, lane

6) resulted in the generation of fragments of the expected
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Figure 12. Restriction Digest Analysis of H3 and E4 Clones.

Purified E4 and H3 lambda DNA samples were digested
with Kon I (lanes 1 and 5 respectively), Kon I and Sac 1 (lanes
2 and 6, respectively), Sac I (lanes 3 and 7, respectively),
and EcoR I (lanes 4 and 8, respectively), and electrophoresed
on a 1.5% agarose gel. Lane M shows the migration of molecular
weight markers (in order of decreasing size: 23 kb, 9.5 kb, 6.5
xb, 4.5 kb, 2.3 kb, 2.0 kb, 1.0 kb, 0.77 kb, 0.6 kb, 0.5 kb,
and 0.4 kb).
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sizes, 4.4 kb and 1.6 kb, as well as an extra fragment of
approximately 4.3 kb which represented the cDNA insert flanked
by lambda DNA sequences. Digestion of H3 however, yielded two
extra fragments of 3.2 kb and-1.5 kb (lane 2). Digestion of H3
DNA with Kpn I or Sac I alone (lanes 1 and 3, respectively)
demonstrated the presence of an extra 1.5 kb fragment amongst
the Kpn I digestion products, while no extra fragments were
observed as a result of the Sac I digest. These results
suggested the presence of a Kpn I site within the H3 cDNA
insert that is absent in the E4 clone.

The fact that the two clones contained cDNAs encoding
different pTPs was confirmed by sequence analysis of the EcoR I
CcDNA insert specific DNA fragments from each clone following
subcloning into the plasmid pGEM7zf(+). Comparison of the amino
acid sequence derived from translation of the nucleotide
sequences obtained for the H3 clone with known pTP amino acid
sequences indicated that the H3 insert likely represented a
truncated cDNA encoeding the chicken homolog of LAR (Streuli et
al, 1988). The 5' end of the cDNA appeared to have been lost
during preparation of the c¢DNA library, resulting in a cDNA
insert encoding only amino acids present in the carboxy-
terminal pTP domain of ILAR, as well as some of the 3¢
untranslated sequences (data not shown). At preseqt, only the
1.9 kb EcoR I fragment of H3 has been sequenced. The 0.5 kb
fragment appears to contain sequences 5' to those of the 1.9 kb

fragment, however this fragment was too small to encode all of
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the missing chicken LAR sequences. Figure 13 shows a comparison
of the partial' H3 amine acid sequence with the equivalent
regions of the human (Streuli et =al., 1988) and Drosophila
(Streuli et _al., 1989) LAR proteins. This comparison
demonstrates that the LAR protein has been highly conserved
over the course of evolution, with the c¢hicken protein
displaying approximately 94% and 90% identity to the human and
Drosophila homologs, respectively. No further analysis of the
H3 clone was carried out.

At the time that the E4 clone was first sequenced, it
appeared that this clone encoded a previously unidentified pTP.
Sequence analysis suggested that this clone encoded a member of
the transmembrane class of pTPs, as the deduced amino acid
sequence indicated the presence of tandem phosphatase domains.
As with the H3 clone, the ¢DNA appeared to have been truncated
at the 5' end as the amino acid sequence of E4 began midway

through the amino terminal phosphatase domain (see figure 17).

4-YI. Isolation of Clones Containing E4 5' Sequences

The 0.6 kb EcoR I fragment of the E4 clone was
determined to contain the 5'-most insert c¢DNA sequences. This
determination was based on upon the analysis of sequence
information obtained using lambda forward and lambda reverse

oligonucleotide primers. These primers bind to lambda gtll DNA
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Fiqure 13. Homology Comparison of the Amino Acid Sequences
of H3, human LAR, and drosophila LAR.

Figure 13 shows a comparison of the partial amino acid
sequence deduced for the H3 clone with the equivalent regions
of amino acid sequence of human LAR (Streuli et al., 1988) and
drosophila LAR (Streuli et _=al:, 1989). Dashes indicate
identical amino acids. H3 is 94% and 90% homologous to Human
LAR and drosophila LAR, respectively.
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Fiqure 13

H3 EFKVTDARDGQSRTVRQFQFTDWPEQGVPRSGEGFIDFIGQVHKTKEQFGQDGPIS
hIAR  ==r——————————— I ——————— Te=——————————- - -T
dLAR  =mm——————— Sm———————— I-e——- - —— - T
H3 VHCSAGVGRTGVFITLSIVLERMSYEGVVDVFQTVKMLRTQRPAMVQTEDQYQFCY
hIAR ————————————— s R~————- M———— Tem———————————— L—-
dLAR -— 8- Quem=l—————— RIw=S———= H

H3 QAAIEYGSFDHYAT*

hIAR R-

dLAR R=—=—mm——— N-TN-
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sequences flanking the cDNA insert and can be used to determine
the sequences present at the 5' and 3' ends of cDN2 inserts.
These primers were used in sequencing reactions in which a
plasmid containing the E4 Xpn I/Sac I fraguent (this fragment
contains 1 kb of lambda DNA flanking each end of the cDNA
insert, including the primer binding sites) served as the
template (data not shown).

Based upon the determination that the 0.6 kb EcoR I
fragment of the E4 clone contained the 5'-most insert cDNA
sequences, this fragment was chosen for use as a nick
translated probe in order to rescrean the lambda gtll library
in the hopes of identifying clones containing the missing E4 S'
sequences. Approximately 1.5 X 10° plaques were screened using
this probe, resulting in the isolation of two positive clones
designated Posl and Pos2.

In order to determine whether either clone contained 5'
sequences, purified DNA from each clone was used as template
for the polymerase chain reaction (PCR) using either lambda
forward or lambda reverse oligonucleotide primers in
combination with an E4 specific antisense oligonucleotide
(corresponding to a nucleotide sequence 200 bp from the 5' end
of the 0.6 kb EcoR I fragment, ie. complementary to bases 2185-
2206 in figure 17). Figure 14 shows that a band of
approximately 1.8 kb was obtained using the Posl DNA template
with the lambda reverse and E4 oligonucleotides, while a band

of 2.3 kb was obtained using the lambda forward and E4
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Figqure 14. PCR Analysis of Posl and Pos2 Clones.

pPurified Posl and Pos2 lambda DNA samples were used as
templates for PCR reactions using either a lambda forward
primer and an E4 specific oligonucleotides (lanes 1 and 3,
respectively) or a lambda reverse primer and an E4 specific
oligonucleotide (lanes 2 and 4)- The reaction products were
electrophoresed on a 1.5% agarose gel. Lane M shows the
migration of molecular weight markers (in order of decreasing
size: 23 kb, 9.5 kb, 6.5 kb, 4.5 kb, 2.3 kb, 2.0 kb, 1.0 kb,
0.77 kb, 0.6 kXb, 0.5 kb, and 0.4 kbh).
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oligonucleotides in combination with the Pos2 DNA template. No
bands were observed using either template and each
oligonucleotide independently (data not shown). These results
suggested that both clones contained cDNA sequences 5' to those
present in the initial E4 clone.

once again, restriction analysis suggested that two
different clones had been isolated. Figure 15 shows that while
digestion with EcoR I yielded Pos 1 insert specific fragments
of approximately 1.7 kb, 1.6 kb, and 0.5 kb (lane 1), a similar
digest of Pos 2 yielded a single fragment of approximately 2.6
kb (lane 2). Further, a double digest of both clones with Kpn I
and Sac I resulted in insert specific fragments =f 4.3 kb and
1.4 kb for Pos 1 (lane 3) and a single fragment of 6.3 kb for
Pos 2 (lane 4). This observation indicated the presence of
either a ggg I or Sac I site within Pos 1 that was absent in
the Pos 2 clone (later identified as a Xpn I site by sequence
analysis).

It was somewhat surprising that a single insert
containing fragment of 6.3 kb was obtained following Kpn I/Sac

I digestion of Pos 2 lambda DNA. Given that EcoR I digestion

yvielded a single band of 2.6 kb, one would have expected a band
of only 4.6 kb (ie 2.6 kb insert plus 2 kb flanking lambda
sequences) . Sequence analysis subsequently revealed the absence
of an EcoR I site at the junction between the 3' end of the
insert and the lambda DNA (see below). Thus, the actual size of

the Pos 2 insert cDNA was approximately 4.3 kb.
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Fiqure 15. Restriction Digest Analysis of Pesl and Pos2 Clones.

Purified Posl and Pos2 lambda DNA samples were digested
with Kpn I and Sac I (lanes 3 and 4, respectively), and EcoR I
(lanes 1 and 2, respectively), and electrophoresed on a 1.5%
agarose gel. Lane M shows the migration of molecular weight
markers (in order of decreasing size: 23 kb, 9.5 kb, 6.5 kb,
4.5 kb, 2.3 kb, 2.0 kb, 1.0 kb, 0.77 kb, 0.6 kb, 0.5 kb, and
0.4 kb).
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The EcoR I fragments from both clones, as well as the
Kpan I/Sac I fragment from Pos 2 were subcloned into the
pGem7z£(+) plasmid and sequenced.

The results of sequence analysis indicated that the 1.5
kb Pos 1b EcoR I fragment contained sequences corresponding to
the 1.7 kb EcoR I fragment from the E4 clone, except that
approximately 200 bases of 3' sequerce, including the poly A
tract, had been deleted. The 0.5 kb Pos 1 EcoR I fragment
corresponded to the E4 0.6 kb EcoR I fragment, except that the
Si-most 150 bases had been replaced by 40 bases of novel
sequence. The 1.7 kb Pos 1 EcoR I fragment was thereby
determined to contain the 5' sequences of interest.

This analysis also demonstrated that the 2.6 kb Pos 2
EcoR I fragment contained the entire E4 0.6 kb EcoR I fragment,
as well as 2 kb of upstream sequence information. The entire E4
1.7 kb EcoR I fragment, including the poly A tract, was found
to be fused direétly to lambda sequences at the 3' end (lambda
reverse primed sequencing of the Pos 2 Kpn I/Sac I fragment;
data not shown). Figure 16 presents a schematic comparison of
+he structures of the E4, Pos 1, and Pos 2 cDNA clones.

The nucleotide sequences of the entire Pos 1 and Pos 2
inserts, and the predicted amino acid sequences derived from
them, are presented in figures 17 and 18. Aside from exhibiting
different sequences at their 5' ends, the clones wexre found to
be identical, at both the nucleotide and amino acid levels,

except that the Pos 1 clone contained a small insert of 29
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Ficure 16. Schematic Comparison of the E4, Pos 1, and Pos 2
cDNa Clones

The structures presented in this figure have not been
drawn to scale. The 5' terminus of each clone is at the left
end. Nucleotide sequences common to all three clones are
indicated in black. Sequences common *o the Pos 1 and Pos 2
clones are displayed in white. Pos 1 and Pos 2 specific
sequences, as well as the positions of EcoR I digestion sites
within each clone, are indicated as shown below the structures
diagramed. The dashed lines mark the boundaries between regions
containing common sequences. The sizes of the fragments
generated by EcoR I digestion of the ¢DNA inserts are indicated
below each clone. The boxed A represents the position of the
poly-A sequences in the E4 and Pos 2 clones.
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Ficqure 17. Nucleotide and Deduced Arino Acid Sequence of Posl.

The nucleotide and deduced amino acid sequences of the
Posl clone are presented. The predicted amino acids are shown
under the nuclectide sequence using the single letter code. The
numbers on the left refer to the nucleotide positions while
those on the right refer to the amino acid. This clone does not
contain NH,-terminal sequences and therefore the amino acid
sequences are indicated with an 2apostrophe. The predicted
transmembrane peptide is underlined, and potential N-
glycosylatinon sites are indicated by the { } brackets. The [ ]
brackets define the Posl specific insert. The * denotes a stop
codon. EcoR I restriction sites are indicated by bold print.



Figure 17

1  GAATTCCGGATTTGTGGCCTTCTGTAGTTGAGGATGACTACGATGAGTATGAC

Tt P DLWZPS VYV EDTDTYDE YD 17°
54 GATGGCTTCCCCATAAGTAACTGTATCTCATGCTCTTCCCATAGAGAAGAT

D 6 F PXI SNOGCTISSCSSHZRED 34°
105 GAGGATATGGTAGTAGAGGAACAAAATGCAGAGGTAAACAATAACAACCTA

E DMV VETETZG QNA AEVYVNNNNTNL 51°
156 ATTATAAGCTCACATTCTGAGAAACCTGAAGAAGAAGAGAGAATTTCGACT

I I S S H S EXPEETETEHRTIST 68"
207 GCTGCATCAGACAGGCAGATAAGCCATGCCACGGACAGACATACATCTGTA

A A S DURUGOTIXISHATTDT® RUET S V 851
258  CCATCTCTGACAGCAAGTGTGATACCTGAGAAGCACAACGACCCAACATTT

» S LT A SV I PETZ KHUNDZPT F 102'
309 TTGGAGAACCATGTTCAAACTTCTAGTGTCCCATTGCAAAACACATCAGAG

L ENHUYV QTS SV P L Q{N T S} E 119°
360 TCTAAGTCTTGGGCTGTTTTTACAAGTGATGAAGAAAGTGGTTCTGGCCAA

S X S WAV FTSUDETESGS G Q 136'
411 GGTACCTCAGATAGCCTTAATGATAATGAAACGTCAACAGATTTCAGITTT

G T S DS ULNUD{NE ETS TODTF S F 153
462 CCTGACCTTAATGAGACAGACACTGAAGGGGCAGTTGAAGCAGGTAACTCA

PDL((NETDTTETGA AV VTEA RATGN S 180
513  GAATTAACTCCTGGATCATCACAGTCATCAGCTTCATCTGTAACTAGTGAT

E LT PGS S ¢S SAS SV TS D 17t
564 CACTCATCAGTATTCAACATCTCTGAGGCAGAGGCAAGTAATAGTAGCCAT

H S S V F(N I S}JE A E A S (N S S} H 194"
615 GAGTCTCGTATCGGTCTAGCTGAGAGTCTGGAATCAGAGAAGAAGACAGTT

E S R I GLAZESTILTESEZXKK_TV 211
666 ATACCACTTGTGGTCGTATCCGCCCTGACTTTTATCTGTCTAGTGATTCTT

f{ P L VV VS ATLTF FTIC L ¥V I I 228
717  GTGGGTATTCTCATATACTGGAGGAAATGTTTCCAGACTGCTCACTTITAT

v 6 I L I ¥ WRIETG CTPFOQTAUHTF Y 245
768  TTAGAAGATAACACGTCACCTCGAGTGATTTCTGCTCCCCCGGCTCCAGTC

L EDNTSPRVYVISAZPUPA APV 262
818 TTCCCAGTCTCAGATGATGTTGGAGCAATTCCAATAAAGCATTTTCCAAAA

F PV § DDV GATZIUPTIZ K EHTFUPIZK 279
870 CATGTTGCAGATTTACATGCAAGTAATGGTTTTTCTGAAGAATTTGAGGAA

# VA DLUHASNTGT FSETETFE E 296
921  ATCCAGAGCTGTACTGTAGATCTAGGTATTACGTCAGACAGCTCTAATCAC

I Q S ¢ TOVDILGTITSD S s N H 313
972  CCTGACAACAAGAATAAGAATCGATACATAAACATTGTTGCTTATGATCAT

P DN KNZXUNJZ RYTINTITUVATYDH 320
1023 ACCAGGGTCAAACTAGCACAGCTTGCAGAAAAGGATGGAAAACTGACTGAT

T R V KL A Q L AEZXTUDSGIXKULT D 337
1074 TACATTAATGCCAACTATGTTGATGGCTACAACARGCCAAAAGCCTACATT

Y I N ANVYJVDGU YUNZ KZPIE KA ATY I 354
1125 GCAGCTCAAGGGCCACTAAAATCAACAGCAGAAGATTTCTGGAGAATGATA

A AQGPTILXSTOAETDTFTWRMTI 371




Base

1176
1227
1278
1329
1380
1431
1482
1533
1584
1635
1686
1737
1788
1839
1890
1941
1992
2043
2094
2145
21586
2247
2298
2348

2400

TGGGAACATAACGTAGAAGITATTGTGATGATAACTAATCTCCTTGAGAAA
W EH NV E V I VM I TN L L E K
GGAAGGAGAAAGTGCGACCAGTACTGGCCTGCTGAAGGTAGTGAAGAATAT
G R R K CD QY WP A EG S E E XY
GGGAACTTCTTGGTTACTCAGAAGAGTGTCCACGTACTTGCTTATTACACT
G N F L VT Q K s V HV L A Y ¥ T
GTGAGGAATTTTACTCTTAGAAACACAAAGATCAAAAAGGGTTCCCAGAAA
V R N F T L RUNTZ KTII KI KG S Q K
GGGAGGTCTAGTGGACGTGTAGTAACTCAGTACCATTATACCCAGTGGCCT
G R S S G RV YV TQUY HY T QWP
GACATGGGTGTTCCAGAGTACACGCTGCCCGTGCTCACCTTCGTGCGGAAG
Db M 6 V P E Y TULP?P V L TVF V R K
GCATCGCACGCCAAGCGCCATGCTGTCGGGCCGATTGTGGTTCATTGCAGT
A2 8 H A KR HAV G P I VV HC S
ACCTCACCTTTGATGGAACATTTGGAAAGAGAACCTCCTCATGAATTCTGT
[T S P L M E HL ERE PP HEF C
CCTTCTGGAGCTGACTCTGAGGAAGCCAACAGCGCTGGTGTTGGAAGGACA
P $ G A DS EEANGS]IA GV G RT
GGCACTTACGTAGTGTTAGACAGCATGCTGCAGCAAATTCAGCATGAGGGG
G T Y VvV Vv L DS ML Q@ Q I Q HE G
ACAGTCAACATATTTGGATTCTTAAAACACATACGTACCCAAAGGAACTAT
T vV N I F 6 F L K HII RTOQURNY
TTGGTGCAGACTGAGGAGCAATACATCTTCATTCATGATGCACTGGTTGAA
L V. Q T E E @Q ¥ I F I HDAULV E
GCAATTCTCAGTAAAGAAACAGAAGTCCTTGAGACTCATATTCATGCCTAT
A I L $§$ K ETEUVLZX=2THTIUEAY
GTTAATGCCCTCTTGATACCTGGACCAACAGGARAAACCCGGCTGGAGAAG
vV N AL L I PG P T CGCZ XK TTRULE K
CAATTCAAGTTACTGAGCCAGTCTAACACACAGCAGTGCGATTACTCAACT
¢ F KL L S @ S NTQOQCDY ST
GCACTCAAACAGTGTAACAGGGAAAAGAATCGAACTTCATCCATCATTCCT
A2 L X Q ¢C N REIXNRTS S I I P
GTGGAAAGATCTAGAGTGGGTATCTCATCACTGTCTGGTGAAGGCACAGAC
vV ER S RV G I S SL S G E G T D
TACATCAATGCTTCCTATATTATGGGTTATTATCAAAGTAATGAATTCATT
Y I N A S ¥ I M G Y ¥ Q S N E F I
ATTACCCAGCATCCCTTACTGCACACTATCAAGGATTTCTGGAGAATGATA
I T Q HP L L HTI XKDV FWRMTI
TGGGACCATAATGCCCAGCTAATAGTCATGCTCCCTGATAGCCAGAATATG
W D EHENAOQTULTIUVMIUELUPUDS QN M
GCTGAAGATGAAETTGTGTACTGGCCAAACAAAGACGAGCCTATAAACTGT
A EDEPFV ¥ WPNIXKDEU©PTIWNSOC
GAGACTTTCAAAGTTACTATGATTGCTGAAGAACACAAGTGTCTGTCTAAG
E T F KV T M I 2 EEHI KUGCUL S K
GAGGAAAAGCTCATAATCCAAGACTTTATTTTAGAAGCTACACAGGATGAC
E E XKL I I @D VF I L EATU QDD
TATGTACTCGAAGTGAGGCATTTTCAGTGTCCAAAATGGCCARATCCTIGAT
Y vV L E VR HEF Q ¢CP KW UPNUPD
AGTCCTATTAGCAAAACCTTTGAACTGATCAGCATCATCAAAGAGGAGACG
$ P I S XK TUPF E L I s I I KEET

kf:2: 0
405"
422"
439"
456"
473"
490°
507"
824"
541!
558"
575!
592!
609"
626"
643"
660"
677!
694"
711"
728!
745"
762"
779

796"



2451

2502

2553

2604

2655

2706

2757

2808

2859

2910

2961

3012

3063

3114

3165

3216

3267

3318

3369

3420

3471

3522

TCCAACCGTGACGGACCCATGATTGTACATGATGAGCACGGAGGGGTGACA
S R N D G P ¥ I V EDEH G G V T
GCAGGCACTTTCTCTGCTCTGACAACACTCATGCATCAGCTGGAAAATGAG
A 6 T F C AL TTTULMUHEOQULENE
AACTCGGTGGATGTTTACCAGGTAGCAAAGATGATAAATTTGATGAGGCCT
N 8§ V. DV ¥ 0 V A KM I N L MUPRP
GGAGTCTTTACAGACATCGAACAGTACCAGTTTCTGTACAAAGCGATTCTC
¢ V F T DI E Q ¥ Q F L Y K aIlLi
AGCCTTGTCAGCACAAGGCAAGAAGAAAACCCTTCAGCATCTATGGACAGT
S L V S T R Q EE N P S A S M b s
AATGGCTCAGCTTTACCAGATGGAAACGCAGCTGARAGTTTAGAATCTITTA
N 6 S a4 L PD G XN A A E S L E S L
GTTTAACTAACGAAGCAAATGGAACACACARACACTTGCACCACATCGGTC

v %
ACATCTGGAGTTTACCATTATTCTTTTCAGTTTTATACTCAGIGGGGGGAA
ATCTGTCACTCTATATATAATCAGTCCCCAACCTTTGTTCCAGCAAAGTCA
PTTCTGTGACATATGACTTTACTGAGGAACTTTTATCATTAACAATGTGTG
CCTTTTCTTGAACGATTTCTTGTAATACGTTGTTCTGTCTGGACTAACTTG
ATTGGCTTTTACAGTGTTTCTAAG' T IGAATTGTGGTACGTTITTTCAGT
ATTAGTTTTTGATTTATCTGGCTTTACTTTAACTTAAAATTATCATATTTA
TAGGTGTTAGGGGATTCTCAATTACAAACAAACGTCATGGTTTTAGTATTT
GATTTATTTGCTGTATTTATAACAATCTACATTTGCTAGAAATATAACTTT
TAATATAGTAGAATGTAAATAARAATACTGTTCTCCATAACAGTTCCGGCAT
T‘I‘TAAGACTT-CAATTAGACATT‘I‘AGCATAGTAATCTGATACTTACTGTAAA
TACTGCTACTTCTATAGCTGATTCCATGGACCAAATTTATATTTATAATTGT
AGATTTTTATATTTTACCTACAGAGTCAGTTTTCTAGTTCTGTGTAATTGC
CTTGTTAAAATGATGTAGTCCAGTATGTTTTTATTTTAACAAAGTCTTCTG
ATATATAACTGTGCATATTAAGCAATTAACCTTCATATAGCTGCATGTGAT

TTTAACCTTTTGTGGAATTIC

813"
830"
847!
864"
881!
898"

899"
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Ficure 18. Nucleotide and Deduced Amino Acid Sequence of Pos2.

Nucleotide and deduced amino acid sequences of the Pos2
clone are presented. The predicted amino acids are shown under
the nucleotide sequence using the single letter code. The
numbers on the left refer to the nucleotide positions while
those on the right refer to the amino acid. It has not been
established whether this clone contains the proper NHy-terminal
sequences and therefore the amino acid sequences are indicated
with an apostrophe. The predicted transmembrane peptide is
underlined, and potential N-glycosylation sites are indicated
by the { } brackets. The * denotes a stop codon. 1 denotes the
51 end of the E4 clone. ~ underlines the polyadenylylation
signal. EcoR I restriction sites are indicated by bold print.



Figure 18

Base
1

52
103
154
205
256
307
358
409
460
511
562
613
664
715
766
817
868
919
970
1021
1072

1123

GAATTCCGATCAGGACTTGGGAGCTATTCTAAATAATCTGCTGCCCAATAC
*

AAGTTATGTTCTTCAGATAGTTGCTGTTTGCTCTAATGGTCTGCACGGAAA
*

ATACAGTGACCAAGTCATTGTTGATATGCCTTTAGAGGACCAAGAGACTGA

* E *

CCTCATTCCTGAACTGAATGAAACTGAAGATTATGAGGATGARGCTGATGA

* * * * * * *

AAAAGAAACAGAGGTGGATGAGGAAACTGCAGTGATTCCTAGCACTGACAG
* * *

TGCAATAAAACAAATAAAGAGGAAAGATTTCCAGATGACTACATCAAGCTA

~AGCCAAGAAAACATGGGGACAAAACC.. . ATGAAGCTAAAATAAATAGATA
* * * *

CTTAACAAGAGAAGATTGCCTGGTAAGGATGAGGTTTTCAAAGCAGTTTAT
TATCCTACTTCTCCACCTGTCAGTGAAACCTCTGARGAAGAAGATGCTTTT
TTGGAATCCCAAACGATTACTGAAATTCCTGCTCAATTCACTGACTCCACC
ARAGGCATAGAAGAAGAATACATATACCTTTCTTCAGGCACTGAACCAACC
AGGATAACTACTACTACAGGCCATAGTGGTGAAGATTICTTATTGTCTCCT
TTTAAACCTGATCAGGAATCTGATGACTTTTGGAGTTCAGTTCTCACCACT
TCTfCAGCACATCTGGTTACAGAGGAGACCTCCCAAGAAGACATCCTTCCT

TCCGGAAGCCCAGATATAAGCATGCAGGATGTCCTTTACCAAGGCTCTGTT
M Q b V L ¥ Q G § V
ACACATGTTTCAGAAGGTGCAGCACCCCCAAGCTCTGATAAGCCTCCAARG
T H VvV S E G A A P P S S D KUP P K
CATACATCTTCCACTGATGGAAATTTGTGGTTTCGGAATGCTACGGAGCTG
H T S S TDGNULWF R{N A T}YE L
ACAAGTCAGCCTGTTGGTACAATGGATAGCAGTCATTIGTCTCAGACCAGT
T S Q P V G T M D S 8§ H L s QT 8
TACACTGAGGATTACGTAGAGGGATTAAAGCCAGCTACAGTGCCCTATTCC
Y T EDVYVEGULI XKUPATV P Y S
GGCAGCCCAGTGGTTTCACAAGACACGTCAGATGTGGATITAGAATTGCCA
G S PV VS Q bT $ b VDL FULP
CATTATTCTACCTTTGCTTTCTCCTCTGCTGAATTACCACCTCACTCTICTC
H ¥ S T F AUV F S S A EL P P EH S L
TCTTCAAGCTCTGGAGAATATGGTTCTGCTTCTGCTGCCAGTGAGGTACTC
S 8 § $ G E Y G 5 A S A A S EV L
TCTCAGACAACTCAACCAATCTATAATGAGGCAAGTAATAGTAGCCATGAG
S ¢ T T QP I Y NE A S{N S8 S} H E

lz8

10°
27"
44"
63"
80"
971
114"
131*

148!



1174
1225
1276
1327
1378
1429
1480
1531
1582
1633
le84
1735
1786
1837
13888
1939
1990
2041
2092
2143
2194
2245
2296

2347

TCTCGTATCGGTCTAGCTGAGAGTCTGGAATCAGAGAAGAAGACAGTTATA
S R I G L A E S L E S E K K_T V V
CCACTTGTGGTCGTATCCGCCCTGACTTTTATCTGTCTAGTGATTCTTGTG
P I VvV V..V s a L T F I € L vV I L V
GGTATTCTCATATACTGGAGGRAATGTTTCCAGACTGCTCACTTTTATTTA
G I L T Y W R K CF Q T AHTF Y L
GAAGATAACACGTCACCTCGAGTGATTTCTGCTCCCCCGGCTCCAGTCTTC
E DNT S PRV I S A PP A P V F
CCAGTCTCAGATGATGTTGGAGCAATTCCAATAAAGCATTTTCCAAAACAT
P VvV S DDV G A I P I KHTF P KH
GTTGCAGATTTACATGCAAGTAATGGTTTTTCTGAAGAATTTGAGGARATC
vV A DL HA SN NGV F S EEF EE I
CAGAGCTGTACTGTAGATCTAGGTATTACGTCAGACAGCTCTAATCACCCT
Q S ¢ TV DILGITS DS S NHP
GACAACAAGAATAAGAATCGATACATAAACATTGTTGCTT M TGATCATACC
D N X N KNR Y I NTI VA Y DHT
AGGGTCAAACTAGCACAGCTTGCAGARAAGGATGGARAACTGACTGATTAC
R V XL A Q L A EXDGXULTD Y
ATTAATGCCAACTATGTTGATGGCTACAACAAGCCAAARAGCCTACATTGCA
I N ANJY YV DG Y N XK P K A Y I A
GCTCAAGGGCCACTAAAATCAACAGCAGAAGATTTCTGGAGAATGATATGG
A Q G P L K S TAZEDTFW®RMTIW
GAACATAACGTAGAAGTTATTGTGATGATAACTAATCTCCTTGAGAAAGGA
E HN V EV I V¥ I TNULULEXKG
AGGAGAAAGTGCGACCAGTACTGGCCTGCTGAAGGTAGTGAAGAATATGGG
R R K C D QQ ¥ WPAETGSETEZYG
AACTTCTTGGT?ACTCAGAAGAGTGTCCACGTACTTGCTTATTACACTGTG
N F L VT Q K SV HV LAZY YTV
AGGAATTTTACTCTTAGAAACACAAAGATCAAAAAGGGTTCCCAGAAAGGG
R N F TLRUNTI XKTIIZ KU KGSQQKG
AGGTCTAGTGGACGTGTAGTAACTCAGTACCATTATACCCAGTGGCCTIGAC
R S S G RV YV TOQUYHYTOQWPD
ATGGGTGTTCCAGAGTACACGCTGCCCGTGCTCACCTTCGTGCGGARAGGCA
M ¢ V2 E ¥ T L P V L T F V R K A
TCGCACGCIAAGCGCCATGCTGTCGGGCCGATTGTGGTTCATTGCAGCGCT
S E A KR HAV G P I VV HCS A
GGTGTTGGAAGGACAGGCACTTACCTAGTGTTAGACAGCATGCTGCAGCAA
¢ V66 R TG T YV VLD S ML Q Q
ATTCAGCATGAGGGGACAGTCAACATATTTGGATTCTTARAACACATACGT
I Q H E G T V NI F GG F L K H I R
ACCCAAAGGAACTATTTGGTGCAGACTGAGGAGCAATACATCTTCATTCAT
T 0 RN Y L V Q T EZEOQY I F I H
GATGCACTGGTTGAAGCAATTCTCAGTAAAGARACAGAAGTCCTTGAGACT
D ALV EATITULSI XKTETTEUVTLET
CATATTCATGCCTATGTTAATGCCCTCTTGATACCTGGACCAACAGGAAAA
H I HA YV NAULILTIU?PG P T G K
ACCCGGCTGGAGAAGCAATTCAAGTTACTGAGCCAGTCTAACACACAGCAG
T R L EX Q F XL L S Q@ 88 N T Q Q

165"
182"
199"
216!
233!
250"
267"
284"
301"
318!
335"
352°
369"
386"
403"
420°
437"
454"
471"
488"
505"
522"
539!

556"



2398
2449
2500
2551
2602
2653
2704
2755
2806
2857
2908
2959
3010
3061
3112
3163
3214
3265
3316
3367
3418
3469
3520
3571

3622

TGCGATTACTCAACTGCACTCAAACAGTGTAACAGGGAAAAGAATCGAACT
C DY ST AUL X Q ¢CNRZEI KN NIRRT
TCATCCATCATTCCTGTGGARAGATCTAGAGTGGGTATCTCATCACTGTCT
s §$S I I PV E R S RV G I 5 S L S
GGTGAAGGCACAGACTACATCAATGCTTCCTATATTATGGGTTATTATCAA
G E G T D Y I N A S Y I M G Y Y Q
AGTAATGAATTCATTATTACCCAGCATCCCTTACTGCACACTATCAAGGAT
S N EF I I T Q HP L L BT I KD
TTCTGGAGAATGATATGGGACCATAATGCCCAGCTAATAGTCATGCTCCCT
F W R M I WD UHNA AOQULIVMILP
GATAGCCAGAATATGGCTGAAGATGAATTTGTGTACTGGCCAAACAAAGAC
D S Q N M A EDEVFV Y W PN KD
GAGCCTATAAACTGTGAGACTTTCAAAGTTACTATGATTGCTGAAGAACAC
E P I NCETTF XV TMIATZEEH
AAGTGTCTGTCTAAGGAGGAAAAGCTCATAATCCAAGACTTTATTITAGAA
XK ¢ L S KEEXULITIDTFIULE
GCTACACAGGATGACTATGTACTCGAAGTGAGGCATTTTCAGTGTCCAAAA
A T QDD VYV L EVREHETFQOC?P?PK
TGGCCAAATCCTGATAGTCCTATTAGCAAAACCTTTGAACTGATCAGCATC
W P NPD S P I S KTV FEULI S I
ATCAAAGAGGAGACGTCCAACCGTGACGGACCCATGATTGTACATGATGAG
T X EET SN RDG©PM I V HDE
CACGGAGGGGTGACAGCAGGCACTTTCTGTGCTCTGACAACACTCATGCAT
E G GV T AGT TV F CALTTUL M H
CAGCTGGAAAATGAGAACTCGGTGGATGTTTACCAGGTAGCARAGATGATA
Q L ENEN S VDV Y Q V A KMI
AATTTGATGAGGCCTGGAGTCTTTACAGACATCGAACAGTACCAGTTTCIG
N L M R P GV F TDIEU GQZYOQTFL
TACAAAGCGATTCTCAGCCTTGTCAGCACAAGGCAAGARGAAARCCCTTCA
¥y K A I L SLVsSTRUGQETENP S
GCATCTATGGACAGTAATGGCTCAGCTTTACCAGATGGAAACGCAGCTGAA
A S M DS NG S A L P DG N A A E
AGTTTAGAATCTTTAGTTTAAGTAACGAAGCAAATGGAACACACAAACACT

S L E S L V *
TGCACCACATCGGTCACATCTGGAGTTTACCATTATTCTTTITCAGTTTTAT

ACTCAGTGGGGGGAAATCTGTCACTCTATATATAATCAGTCCCCAACCTTT
GTTCCAGCAA@GTCATTTCTGTGACATATGACTTTACTGAGGAACTTTTAT
CATTAACAATGTGTGCCTTTTCTTGAACGATTITCTTGTAATACGTTGTICT
GTCTGGACTAACTTGATTGGCTTTTACAGTGTTTCTAAGAATTGAATTGTG
GTACGTTTTTTCAGTATTAGTTTTTGATTTATCTGGCTTTACTTTAACTTA
AAATTATCATATTTATAGGTGTTAGGGGATTCTCAATTACAAACAAACGTC

ATGGTTTTAGTATTIGATTTATTTGCTGTATTTATAACAATCTACATTTGC

573"
590"
607"
624"
641"
658"
675"
692!
709!
726!
7431
760!
777!
794!
811"
828"

834"



Base
3673
3724
3775
3826
3877
3928
3979
4030
4081

4132

TAGAAATATAACTTTTAATATAGTAGAATGTAAATAAAATACTGTTCTCCA
TAACAGTTCCGGCATTTTAAGACTTCAATTAGACATTTAGCATAGTAATCT
GATACTTACTGTAAATACTGCTACTTCTATAGTGATTCCATGGACCAAATT
TATATTTATAATTGTAGATTTTTATATTTTACCTACAGAGTCAGTTTTCTA
GTTCTGTGTAATTGCCTTGTTAAAATGATGTAGTCCAGTATGTTTTTATTT
TAACAAAGTCTTCTGATATATAACTGTGCATATTAAGCAATTAACCTTCAT
ATAGCTGCATGTGATTTTAACCTTTTGTGAGGAATAGARATCATTTGTTTT
GAAATGAGAAGTTTTTATGAGAATAACACCAGTACTTGGCATTGTTAAATT
GTTTTTACCTATGGCATTGCAAAAATAAATATAAATATTCCAARAARAAAR

AAADAADRAMARARAARAARAAACGGAATTC

131
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aminoe acids (87 bases) not found in the Pos 2 clone. the
significance of this insert was and still is unclear. The fact
that the insert lies within the VHCSAGV sequence was extremely
surprising, given that this region has been found to be a
functionally important and highly conserved pTP domain (Tonks
N. et al., 1988b, Strueli M. et 2l., 1989, 1990). While the
nucleic acid sequence of the insert contained the 5' and 3!
consensus RNA splice sites (GT and AG respectively), removal of
this sequence through splicing would result in a shift in the
amino acid reading frame of the cDNA. It therefore seemed
possible that the insert resulted from a cloning artifact.

During the course of isolation of the Pos 1 and Pos 2
clones, three reports appeared in the 1literature which
described the identification of cDNAs encoding novel pTPs
related to CD45, the first transmembrane class pTP identified
(Kaplan, R. et al., 1990, Krueger, N. X. et al., 1990, Guan and
Dixon, 1990; Charbonneau et al., 1988; Tonks et al., 1988c).
Figqure 19, which presents a comparison of the amino acid
sequences of Pos 1 and Pos 2 with the partial amino acid
sequences reported for human PTP zeta (HPTP zeta) indicated
that these clones likely encode the chicken homolog of this
protein. The HPTP zeta sequences presented in this figure
represented a combination of both the ICA beta sequences of
Kaplan et al. (1990), and the HPTP zeta sequences of Krueger et
al. (1990). Neither group isolated a full length cDNA, however,

it appeared that both cDNAs encoded the same protein. Since the
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Fiqure 19. Homology Comparison of the Amino Acid Sedquences
of Posl, Pos2, and HPTP zeta.

Figure 19 shows a comparison of the predicted amino
acid sequences of human HPTP zeta, a combination of the
secuences of Krueger et_al. (1990) and Kaplan et al. (1990),
and those deduced for the Posl and Pos2 clones. Dashes indicate
identical amine acids. Spaces in either sequence indicate gaps.
Posl and Pos2 are 75% and 76% homoleogous to Human HEPTP zeta,
respectively.
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Figure 19

HPTP2

Posl IPDLWPSVVEDDYDEYDDGFPISNCISCSSHREDEDMVVEEQNAEVNNNNLIISSH
Pos2

HPTPz NSEEDNRVTSVSSDSQTGMDRSPGKSPSANGLSQKHNDGKEENDIQTGSA
Posl SEKPEEEERISTAASDRQISHA-DRHT-VPSLTASVIPEKHNDPTFL-NHV—-S~V
Pos2 MQDVLYQGSVTHVSEGAAPPSS~KP-~KHTS-TDGNLWFR-ATELTSQPVGTMD
BPTPz LLPLSP--KAWAVLTSDEESGSGQGTSDSINENETSTDFSFADTNEKDADGILAAG
Posl P-QNTSES-S F D P-L—-T=-TE-AVE—-—
Pos2 SSH-~QTSYTEDYVEGLKPATVPYSG-PVVSQDTSDV-LELPHYSTFAFSSAELPP
HPTPz DSEITPGFPQSPTSSVISENSEVFHVSEAEASNSSHESRIGLAEGLESEKKAVIPL
Posl N—=L===SS==SA=———-— DH-S——NI S T
Pos2 H-LSSSSGEYGSA-AASEVL-QTTQPIYN S T
HPTPz VIVSALTFICLVVLVGILIYWRKCFQTAHFYLEDSTSPRVISTPPTPIFPISDDVG
Posl ' I N A—=A-V——Ve——=—
Pos2 -V- I N A== Vo= Vm————
HEPTPz AIPIKHFPKHVADLHASSGFTEEFETLKEFYQEVQSCTVDLGITADSSNHPDNKHK
Posl N—-S -I S N—-
Pos2 - ' N==5 -I S N—
HPTPz NRYINIVAYDHSRVKLAQLAEKDGKLTDYINANYVDGYNRPKAYIAAQGPLKSTAE
Posl —— -—=T - -K

Pos2 - T K

HPTPz DFWRMIWEHNVEVIVMITNLVEKGRRXCDQYWPADGSEEYGNFLVIQKSVQVLAYY
Posl L E H

Pos2 - L. - E H
HPTPz TVRNFTLRNTKIKKGSQKGRPSGRVVTOYHYTAAYAKRHAVGPVVVHC

Posl S SH I STSPLMEH
Pos2 - S SH I

HPTPz SAGVGRTGTYIVLDSMILOQIQHEGTVNIFGFLKHIR
Posl LEREPPHEFCPSGADSEEAN v

Pos2 v

HPTPz SQRNYLVQTEEQYVFIBDTLVEAILSKETEVLDSHIHAYVNALLIPGPAGKTKLEK
Posl T I ET T R
Pos2 T I ET T R:
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two cDNAS contained different but overlapping sequences, the
sequences presented in the two reports were combined to
generate the HPTP zeta sequence presented in Figure 19. The
sequence of the rat brain homolog identified by Guan and Dixon
(1990) have not been included as these sequences were
incomplete, only the sequences of the two catalytic domains
having been reported. The three sequences shown in Figure 19
displayed three significant differences: 1) the presence of
different sequences at their respective amino termini; b) the
presence of the insert in the Pos 1 clone; and 3) the presence
of an insert in the HPTP zeta cDNA clone located within the
region between the transmembrane domain and the first pTP
domain, but absent in both chicken cDNA clones. The functicnal
importance of these inserts remains unclear. Figure 20 presents
a schematic comparison of the predicted structures of the HPTP,
E4, Pos 1, and Pos 2 proteins.

There were several in-frame stop codons located
upstream of the first methionine codon in the amino acid
sequence deduced by translation of the Pos2 clone nucleic acid
sequence (figure 18). It was possible that this ATG codon could
be the translation initiation site for an alternatively spliced
form of chicken PTP =zeta RNA. The nucleotide sequence
surrounding this ATG did not correspond exactly with the
CCACCATGG consensus translation initiation signal (Kozak,
1986), but the presence of an A at position -3 suggested that

this ATG could function as a reasonably efficient initiation
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Figure 20. Schematic Comparison of the HPTP, E4, Pos 1 and
Pos 2 Proteins

The structures presented have not been drawn to scale.
The NH,-terminus of each protein is at the left end. Amino acid
sequences common to all the proteins are indicated in black.
The phosphatase domains, which also contain common sequences,
are displaved in white. HPTP, Pos 1, and Pos 2 specific
sequences, as well as the transmembrane sequences common to
HPTP, Pos 1 and Pos 2, are indicated as shown below the
structures diagramed. Cytoplasmic amino acid sequences are
located to the right of the transmembrane domain, while those
corresponding to extracellular sequences are located to the
left. The positions of the 7 amino acid HPTP and 29 amino acid
Pos 1 specific inserts are also indicated.
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site. The sequence surrounding the second and only other
methionine codon before the transmembrane domain was in closer
agreement with the consensus site sequence and might provide an
even more efficient site for initiation of translation.

¥hile the first 21 amino acids following both possible
translation initiation sites were relatively hydrophobic (see
Figure 18), neither contained sequences characteristic of a
signal peptide, the presence of which is required for proper
post translational processing and subcellular distribution of
transmembrane proteins (von Heijne 1985; von Heijne, 1986).
Initiation at the first methionine would yield the better of
the two possible signal peptides, however, computer analysis
using the method of von Heijne (1986), suggested that the
peptide might not be efficiently cleaved. The analysis
indicated that if cleavage were to take place, the most
probable cleavage site would be between the two alanine
residues at positions 16 and 17.

The lack of a consensus signal peptide suggested the
possibility that the Pos2 clone may not contain an authentic
alternatively spliced form of chicken PTP zeta cDNA, but rather
may represent a c¢DNA insert derived from an incompletely
processed nuclear RNA. It is also possible that Posl cDNa
insert arose from an incompletely processed RNA. The NHp-
terminal most amino acid sequences deduced from translation of
this clone differed greatly from the NHp-terminal sequences

reported by Krueger et al. (1990). The suggestion that the two
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CDNA inserts were derived from incompletely processed RNA was
supported by the observation that the nucleotide sequences at
the points where the amino acid sequences of the two clones
diverged from those of HPTP zet”, contained the 3' AG consensus
splice acceptor signal. It still remains possible, however,
that both the Pos 1 and Pos 2 clones represented alternmatively
spliced forms of chicken PTP zeta cDNA, the Pos 1 clone having
been truncated, resulting in the loss of the 5' end of the full
length cDNA.

While both clones appeared to contain the entire
transmemb;ane and cytoplasmic domains of chicken PTP zeta,
neither appeared to contain the complete extracellular domain.
A full length aminoc acid sequence of PTP zeta has not been
reported, making it difficult to assess the amount of PTP zeta
sequence information missing in the two clones. The Pos 1 and
Pos 2 cDNAs encode products of 899 and 834 amino acid residues,

respectively.
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CHAPTER 5: DISCUSSION

Several years ago our group reported the partial
purification of chicken pTP enzymes from the soluble fraction
of CEF extracts (Nelson and Branton, 1984). In order to gain a
better general understanding of pTPs, those investigations have
been extended. The original goal of the studies presented
herein was to purify a tyrosine phosphatase to homogeneity, and

to clone the corresponding cDMA encoding the enzyme.

5-I. Purification and Characterization of a Nonreceptor

Phosphotyrosyl-protein Phosphatase

Using a method very similar to that used by Tonks et
al. (1988a), we have managed to purify a low molecular weight
nonreceptor pTP to near homogeneity from the soluble fraction
of extracts prepared from chicken embryo bodies. The Key step
in this protocol was affinity chromatography on thio-
phosphorylated RCM lysozyme-Sepharose, a procedure only
developed by Tonks et al. (1988a) during the course of the
present studies. As judged by SDS-PAGE (figure 8), this final
step in the protocol resulted in the separation of pTPIIX from
the majority of other proteins that copurified through the

previous purification steps.
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The biochemical properties exhibited by pTPIII (table
4) were very similar to those displayed by the pTP1lB enzyme
purified by Tonks et al. (Tonks et al., 1988a; Tonks et al.,
1988b; Pallen et al., 1991) - from the soluble portion human
placental extracts. Both enzymes eluted from the various
chromatography columns at similar positions in the respective
activity elution profiles, and both displayed a requirement for
the inclusion of reducing agents (dithiothreitol, or beta-
mercaptoethanol) in the purification and assay buffers (data
not shown). Neither enzyme demonstrated a dependence upon
divalent cations for full activity. In fact both were generally
mildly inhibited by the inclusion of metal ions in the assay
buffer (Pallen et al., 1991). Both enzymes also displayed
similar susceptibilities to inhibition by NayVo4 and 2n*2
(Tonks et al., 1988b; Nelson and Branton, 1984). Together,
these observations suggested that pTPIITI might represent the
chicken homolog of pTP1B, or a PTP with similar properties.

The difference in molecular weights determined for the
two enzymes could be due to partial proteolysis of pTP1B during
purification. T?e molecular weight of pTP1lB was determined to
be approximately 37 kd by SDS-PAGE analysis (Tonks et al.,
1988a). However, bacterial expression of the c¢DNA encoding
human placental pTP1B or the rat brain homolog of PpTP1B
resulted in the identification of protein bands with molecular
weights of 56 ¥d and 50 kd, respectively, that possessed pTP

activity (Guan et 21., 1990; Chernoff et al., 1950). Comparison
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of the amino acid sequences of pTP1B predicted from translation
of the nucleotide sequen<es of the human and rat cDNAs with the
amino acid sequence determined from peptide sequencing of the
purified 37 kd pTP1B protein'revealed that approximately 11 kd
of protein at the COOH-terminus were lost during purification
of the enzyme. Recently, a pTP with a molecular weight of
approximately 50 kd has been purifjed from solubilized membrane
extracts prepared from human placenta (Pallen et al., 1991).
analysis of the amino acid composition of this enzyme suggested
that it represents a larger, perhaps unproteolyzed, version of
pTP1B. In light of these results, it 1is possible, despite the
discrepancy in molecular weights, that pTPIII represents the
chicken homolog ©f pTP1lB.

The differences in molecular weight between pTPIII and
the human enzyme purified by Pallen et al. (1991) may be due to
differences ip post-translational modifications. Possible
modifications such as isoprenylation and/or myristoylation have
been suggested (Guan et al., 1990). Such modifications could
serve to localize pTP1B to the membrane. Phosphorylation is
another possible modification that could alter mobility of the
protein on SDS-PAGE. However, no post-translational
modifications have been positively identified in pTPs.

Tonks et al. (1988a) attained an approximately 11,000-
fold purification of pTP1B, while chicken pTPIII was purified
only approximately 1900-fold. However, the degree of

purification of'pTPIII was similar to that achieved by Pallen
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et _al. (1991) who purified a larger molecular weight version of
pTP1B. As discussed above, the differences in molecular weight
between the two forms of human placental pTPlB appears to be
due the absence of approximately 11 kd at the COOH-terminus in
the form isolated by Tonks et al. (1988a). Experiments
involving in vivo expression of full length and truncated forms
of a T cell pTP suggested that the COOH-terminal sequences of
these proteins may play a very important rxole in regulating
phosphatase activity (Cool et 2l., 1990,; Zander et al., 1991).
Further, truncation of rthe T cell protein by partial
proteolysis resulted in increased phosphatase activity. Thus,
the differences in specific activity and purification achieved
may have reflected the presence or absence of an intact COOH-
terminus.

Clarification of the relationship of pTPIII to pTF1B,
and any of the other pTPs that have been identified to date,
will likely not be possible until the amino acid sequence of
pTPIII has been determined either by peptide sequencing, oOr
through the isolation and sequencing of the cDNA encoding this
enzyme. Similarly, the relationship of pTPI to other known
tyrosine phosphatases will have to await further purification
and biochemical characterization of this enzyme.

The present study has shown that although as many as
six pTPs can be detected in soluble extracts prepared from
CEFs, or from 11 day old chicken embryo bodies, only two major

activities may actually exist, pTPI and PpTPIII. The other
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species appeared to represent degradation products of the two
major forms, probably resulting from the action of calcium-
dependent proteases. While three different substrates were used
in this sﬁudy, these results-did not rule out the possibility
that other pTPs might be identified through the use of other
substrates (See Appendix). Each of the tyrosine phosphorylated
substrate proteiné used in this study represented an artificial
nonptysiologically relevant substrate. The recent finding that
pg0cdc22 ‘i in fact a very specific tyrosine phosphatase,
coupled with the demonstration that both domains of HPTP alpha
possess PTP activity with differing substrate specificities,
underscore the importance of using the appropriate substrates
in the detection and identification of pTPs (Dunphy and
Kumagai, 1991; Gautier et 2l., 1991; Yang and Pallen, 1991).
Through the use of novel substrates, such as the
phosphotyrosyl-proteins that have been demonstrated to be
authentic pTK substrates, or phosphotyrosyl-peptides
corresponding to the phosphorylation sites of these pTK
substrate proteins, it may be possible to isolate previously
unidentified and highly specific pTP activities.

Several reports had demonstrate? that calcineurin,
alkaline ?hosphatases and acid phosphatases are active against
phosphotyrosyl proteins. The results of the present study
strongly suggested that the type 2B pSP, or calcineurin, was
not responsible for a significant proportion of either pTPI or

pTPIII activity. Both of these enzymes displayed
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characteristics inconsistent with the properties of the type 2B
pSP.

Using both enclase and pNPP as substrates, pPTPI and
pTPIII exhibited pH optima and other properties comparable to
acid phosphatases. Both enzymes demonstrated a clear acid
optimum against pNPP and a broad acid to neutral range with
enolase. Several reports have described similar results with
pTPs from other sources (Taga and Van Etten, 1982; Shriner and
Brautigan, 1984; Li et _=al., 1984; Lau et al., 1985; Sparks and
Brautigan, 1985; Boivin and Galand, 19867 Waheed et al., 1988).
It is possible that a major portion of pTP activity in the cell
can be attributed to acid phosphatases, although this
conclusion must be regarded with caution as it is becoming
clear that the type of pTP detected may be highly dependent
upon the nature of the substrate used. As reviewed by Sparks
and Brautigan (1986), activity observed against pNPP is often
misleading, especially when the assay is carried out in the
presence of Mgz‘*'. However, both pTPI and pTPIII displayed
considerable activity against pNPP both in the absence and
presence of divalent cations. Most pTPs can employ pNPP as a
substrate (Sparks. and Brautigan, 1986}, and such activity seems
not unreasonable as the molecular structure of pNPP resembles
that of phosphotyrosine. It should be noted that pTP1B will
also utilize pNPP as a substrate, however, unlike pTPIXIXY, this
enzyme exhibits a pH optimum in the 6.4-7.0 range (Pallen et

al., 1991).
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It is still not clear if acid phosphatases arxe
physiologically important in the regulation of tyrosine
phosphorylation in cells. Acid phosphatases act on a number of
classes of substrates and, ‘-although they frequently prefer
phosphotyrosyl to phosphoseryl proteins, they are also active
against an extremely broad spectrum of phosphoesters. As
discussed above, it is possible that the choice of substrates
used to identify pTPs may have favored the detection of acid
phosphatases which are quite abundant in most tissues. Thus
highly specific pTPs may exist which have escaped detection
because of their low abundance and high specificity. It is also
possible that acid phosphatases are the physiclogically
important enzymes. Their relative preference for phosphotyrosyl
over phosphoseryl substrates would provide some specificity as
would the fact that they display a more neutral pH optimum
against phosphotyrosyl proteins than against low molecular
weight substrates such as pNPP. Clearly it will be necessary to
use DNA cloning techniques in order to allow for a careful
analysis .of thé identity of different pTP species, their
substrate specificities, and the physiological role in
regulation of biological processes.

The results of biochemical characterization of the
phosphatase activities of pTPI and pTPIII were presented in
Table 4. These results showed that both pTPI and pTPIXI possess
properties that clearly distinguish these enzymes from the

classical pSPs. Type 1 and type 2A pSPs can be totally
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inactivated by treatment with NaF and EDTA at 30°C for 30
minutes (Ingebritsen and Cohen, 1983; Ingebritsen et al.,
1983). This treatment had virtually no effect on the activities
of pTPI and pTPIII. Further, neither enzyme exhibited a
requirement for Mgt2 or Mn*2, a property that distinguishes
these enzymes from the type 2C phosphatases that require
divalent cations for full activity. Finally, while pTPIII
activity eluted from the ion exchange resin DE-52 at a position
in the salt gradient just prior to the elution of the major
forms of pSP activity that are also bound on this column
(Nelson and Branton, 1984), no pSP activity was detected in
pTPIII preparations following Cibracon Blue 3GA chromatography
(data not shown). Similarly, no PSP activity was associated
with pTPI following CM-52 chromatography. Together, all of
these results left 1little doubt that the pTIPI and pTPIII
phosphatases are distinct from the classical pSP enzymes.
Attempts were made to develop polyclonal rabbit
antisera and monoclonal antibodies to pTPIII in the hopes of
using such antibodies to isolate the cDNA encoding this enzyme.
Unfortunately, these attempts were not successful because the
screening method used, the immunoprecipitation of pTP activity
from partially purified pTPIII preparations, yielded very
erratic results. While one of the rabbit immune sera tested
specifically immunoprecipitated a 58 kd protein band from [3531
methionine labelled CEF extracts (data not shown), direct

correlation of this protein band with pTPIII was not possible.
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Attempts to use this antiserum to screen western blots of
purified pTPIII yielded negative results. As a result of the
failure of these experiments, it was decided to abandon further
characterization of these Immune sera. Instead, a better
strategy would be to generate anti-sera against synthetic
peptides designed on the basis of regions of homology between
the rat and human pTP1lB proteins. Through the use of such
antibodies, it should be possible to establish whether pTPIII
is in fact related to pTP1B. Further, should such tools become
available, it will make future experiments designed to
investigate and characterize the role of pTP1B and/or pTPIII in

requlating in CEFs much more feasible.

5-II. Isolation of Phosphotyrosyl-protein Phosphatase cDNas

One of the goals of this study was to isolate cDNAs
encoding chicken pTP enzymes. Through the use of degenerate
oligonucleotide probes, cDNAs encoding two different chicken
pTPs have been isolated. The probes were designed to hybridize
to c¢DNAs encoding the VHCSAGV amino acid sequence, a
functionally important and highly conserved pTP domain.
Unfortunately, while this study resulted in the identification
of two pTP cDNA clones, neither was likely to encode the pTPIII

enzyme purified from soluble chicken embryo body extracts.
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analysis of the H3 clone indicated that the cDNA insert
corresponded to a truncated CDNA encoding a portion of the
chicken homolog of LAR, a transmembrane pTP that has been
proposed to play an important role in cell adhesion. The cDNA
insert contained sequences corresponding to the COOH-terminal
pTP domain of LAR as well as some 3' untranslated sequences. A
comparison of the predicted amino zcid sequence of H3 and the
equivalent regions of the human (Streuli et al., 1988) and
Drosophila (Streuli et al., 1989) LAR proteins (Figure 13)
showed that the chicken LAR amino acid sequence is 94% and 90%
identical its human and Drosophila counterparts, respectively.
Given the widely divergent nature of the species from which
these sequences were determined, the high level of homolegy
observed suggests that ILAR must play a very important
functional role within the cell. However, the nature of this
role remains to be defined.

Analysis of the second pTP clone indicated that the
¢DNA insert contained sequences encoding the chicken homoleg of
HPTP zeta, another member of the transmembrane class of pTPs.
Partial cDNAs encoding HPTP zeta have been independently
isolated by two different laboratories (Kaplan et al., 19907
Kreuger et_al., 1990). In an attempt to isolate cDNA inserts
containing the missing 5' sequences of the chicken homolog of
PTP zeta, two clopes designated Pos 1 and Pos 2, were isolated.
PCR analysis demonstrated that each contained 5' sequences

which were absent in the original clone (Figure 14).
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Sequence analysis of Pos 1 and Pos 2 has shown that the
two clones .:ontain different nucleotide sequences at the 5°
ends, and that sequences present at the 3' end of Pos 2 were
absent in the Pos 1 clone. Further, the Pos 1 cleone was found
to contain an insertion of 87 nucleotides (29 amino acids) in
the middle of the first or most WH-terminal pTP domain that is
absent in Pos 2. These observations suggested that cDNA inserts
arising from alternatively spliced RNA transcripts had been
isolated.

In the .case of the Pos 1 insert within the Pos 1
catalytic domaiﬁ, this possibility seemed doubtful. While each
end of this possibly alternatively spliced exon contained
sequences compatible with RNA splicing, such an event would
have resulted in a shift in the open reading frame of the RNA.
It was possible that the insertion represented an intron, and
that during reverse translation of the RNA used to prepare the
cDNA library, or perhaps over the course of virus replication,
a single nuclectide has been lost from the terminus of either
the 5' or 3' flanking sequences. The insertion of a single
nucleotide on either side of the proposed splice junction would
allow for removal of the insertion sequences by RNA splicing
while still maintaining the open reading frame.

Alternative splicing of pTP RNAs has been reported to
occur in regions of the RNA encoding the extracellular (Streuli
et al., 1987), as well as catalytic domain (Matthews et 21.,

1990). However, the presence of an insert within the VHCSAGV
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sequence has never been observed to date. The fact that this
sequence is a highly consexved and important catalytically
suggested that the Posl insert likely represented a cloning
artifact. A computer analysis designed to identify proteins
containing domains homolcgous to the Pos 1 insert was
performed, however, no such proteins were identified. Thus, if
this insert does in fact represent a legitimate pTP domain, it
is d4ifficult to speculate as to its possible functional
significance.

Analysis of the 5' sequences of the Pos 1 and Pos 2
clones indicated that each clone encodes a protein with a
different NH,-terminus. Further, in both cases the NHp-
terminal amino acid sequences differ from those predicted by
Kreuger et al. (1990) for HPTP zeta. Once again, this
observation suggested the possibility of alternative splicing.

To date a full length clone containing all of the 5!
PTP zeta sequences has not been identified in our laboratory or
by other workers. Such a clone would provide valuable
information that would help to determine which, if any, of the
cDNAs isolated to date encode a legitimate NHp-terminus of PTP
zeta. So far, Pos 2 is the only clone isolated that contains an
entire open reading frame. For reasons outlined above, there is
some doubt as to whether the Pos 2 clone actually represents an
alternatively spliced form of chicken PTP zeta or a truncated
form of an incompletely processed chicken PTP zeta cDNA. Primer

extension analysis using antisense oligonucleotides
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corresponding to Pos 2 specific 5' sequences, or RNAse
protection assays using a Pos 2 specific probe would help to
address this problem. However, such experiments have not yet
been attenpted.

Likewise, it has not yet been determined whether the
Pos 1 c¢DNA clone represents a truncated altermatively spliced
form of chicken HPTP zeta homolog, or if it simply represents a
truncated form of an incompletely processed RNA. Experiments
similar to those proposed above for analysis of the Pos 2 clone
would alsoc be of value in resolving gquestions concerning the
authenticity of the Pos 1 clone.

An approach that could be used to isolate NHp-terminal
sequences of the chicken PTP zeta homolog is the "RACE" (Rapid
amplification of c¢DNA Ends) protocol developed by Frohman et
al. (1988). Oligonucleotides would be designed to hybridize to
the 5'-most region of the chicken PTP zeta RNA that corresponds
to amino acid sequences conserved in Pos 1, Pos 2, and the
partial PTP zeta clone of Kreuger et al. (1590).

The total amine acid sequences of the Pos 1 and Pos 2
clones were 75% and 76% homologous, respectively, to the HPTP
zeta sequences predicted by Xreuger et al. (1990). If this
comparison is restricted to only those sequences COOH-terminal
to the points at which the NH,-termini of the proteins diverge,
the homology increased to S0%. As with LAR, this high degree of
conservation between very divergent species suggests that the

PTP zeta protein must play an important role within the cell.
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5-I1I. Conclusion

Over the course of this study, a phosphotyrosyl-protein
phosphatase, designated pTPIII, was purified to near
homogeneity from scluble extracts prepared from 11 day-old
chicken embryo bodies. SDS-PAGE analysis suggested that this
pTP activity correlated with the presence of a 58 kd protein
band in affinity purified enzyme preparations. The purified
protein exhibited biochemical characteristics in common with
the pTP1B enzyme purified from human placental protein extracts
and thus may represent the chicken homolog of this proteiii.

Two partial cDNA clones enceding phosphotyrosyl-protein
phosphatases were also isclated. Unfortunately, neither cDNA is
likely to encode the PTPIII enzyme. Both code for members of
the transmembrane class of tyrosine specific protein
phosphatases, and thus probably bear no relation to the pTPIII
and pTPI activities purified from soluble protein extracts. One
cDNA seemed to encode the COOH-terminus of the chicken homolog
of ILAR, while the second coded for the chicken homolog of PTP-
zeta. Two cDNAs encoding PTP-zeta were isolated, however the
evidence presented suggested that both clones were likely

derived from incompletely processed nuclear RNAs.
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APPENDIYX

IDENTIFICATION AND PURIFICATION OF MULTIPLE SPECIES

OF CHICKEN pTP ACTIVITIES
Introduction

In an at:t:empt to obtain larger gquantities of highly
purified pTPIIX enzyme, the entire purification protocol was
scaled up threefold, such that approximately 1 to 1.2 kg of
chicken embryo bodies were used as starting material. It was
hoped that the availability of larger quantities of enzyme
would provide sufficient material to allow for peptide
sequencing of the purified pTPIII enzyme. Further, it was hoped
that the quantities of highly purified enzyme would ke
sufficient for the inoculation and screening processes involved
in the gene;ation of monoclonal or polyclonal antibodies.

To achieve this goal, it was necessary to slightly
modify the purification protocol used previously to make
processing of the larger amounts of stazting material feasible.
The first change was that 12 day-old rather than 11 day-old
chicken embryos were used to increase the amount of starting
material while reducing the labour involved in the processing
of the fertilized eggs. Second, the 100,000 X g centrifugation
step was eliminated from the protocol. Instead, cell extract

was prepared by filtration of the 40,000 X g supernatant



17S
through Whatman 114 paper in a Buchner funnel in order to
remove any fatty material. Finally, batch elution with buffer
containing 0.3 M NaCl, rather than gradient elution, of pTPIII
from DE52 was empleoyed as the first step in the purification
protocol. A second DES2 chromateography step in which pTPIII was
eluted in a salt gradient was inserted into the protocol
following the Cibracon Blue 3GA chromatography step. These
seemingly simple manipulations of the protocol led to scme

surprising results.

Results and Discussion

Two peaks of activity were resolved following Cibracon
Blue 3GA agarose chromatography, rather than one as previously
observed (compare Figures 4 and Al). The first peak, pTPIIIa,
eluted at approximately 0.4 M NacCl, and in subsequent
purification steps demonstrated characteristics consistent with
the pTPIII activity purified from the smaller scale
preparations. The second peak of activity, pTPIIIb, which
eluted at approximately 0.7 M NaCl, showed different
characteristics. Each peak contained approximately 50% of the
pTP activity that had been initially applied to the Cibracon
Blue 3GA column.

When purified by molecular sieving chromatography,

pTPIIIb eluted from the column at a position corresponding to a
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Figure Al. Chromatography of DE-52 Batch Purified pTPIII on
Cibracon Blue 3GA Agarose (Large Scale).

DE-~52 batch purified pTPIII was subjected to cibracon
blue 3GA agarose chromatography as described in the text.
Aligquots from each fraction were assayed using 32p-labelled
RCM-lysozyme as substrate. Values have been expressed as a % of
the highest activity observed. The solid lire represents pTP
activity, while the dashed 1line indicates the salt
concentration within the gradient. pTPIIIa eluted in the salt

gradient at approximately 0.4 M NaCL, while pTIXIIb eluted at
approximately 0.7 M NacCl.
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protein with a molecular weight of approximately 100 Xkd,
whereas pTPIII and pTPIIIa both eluted at a position
corresponding to a molecular weight of 60 kd (Figure 5 and data
not shown}). pTPIIIb also behaved differently during gradient
elution from Whatman DE-52 cellulose, eluting at approximately
0.23 M NaCl, rather than 0.15 M NaCl as observed for pTIII and
pTPIITa (data notlshown).

pTPIIIb activity was further resolved into 2 peaks of
activity by poly-lysine Sepharose chromatography, one peak
eluting at approximately 0.15 M NaCl, and the second at
approximately 0.2 M NaCl (Figure 2A2). Only the first peak
eluting from this column, pTPIIIb, could be further purified by
affinity chromatography on thio-RCM lysozyme Sepharose. The
second peak, pTPIIIb' was not retained by this resin for
reasons which were unclear.

Tables Al and A2 show the results of the purification
of pTPIIla and pTPIIIb. Figures A3 and A4 show the results of
coomassie blue staining of 10% SDS-PAGE gels on which aligouts
of protein from each step of purification were analyzed.
pTPIIIa, while purified to a 1lesser extent, appeared to
correspeorid to pTPIII, the protein previously isolated using the
small scale purification procedure. As observed with pTPIII,
pTPIXIIa activity appeared to correlate with the presence of a
major protein band in the affinity purified enzyme preparation
that migrated at an apparent molecular mass of approximately 58

kd (Figure A3, lane 6). It would appear that pTPIII and pTPIIIa
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Figure 22. Chromatography of pTPIIIb on Poly-Lysine Sepharose.

pTPIIIb was subjected to poly-lysine sepharose
chromatography as described the Appendix Methods Section.
Alicuots were assayed for pTP activity using 3Zp-labelled RCM
Lysozyme as substrate. Values have been expressed &s a % cf the
highest activity observed. The solid line indicates the pTP
activity. The dashed line denotes the salt concentration within
the gradient. pTPIIIb eluted at approximately 0.15 M NacCl,
while pTPIIIb' eluted at approximately 0.2 M NaCl.
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Table Al Purification of pTPIIIa
Specific
Volume Protein  Activity Activity Purification

step {m}) (mg/ml) (nm/ml/min) (nm/mg/min) {fold)

Cell
Extract 2400 11.21 9.76 0.87 ——

DE=-52
Cellulose
{Batch) 2950 2.68 8.71 3.25 4

Cibracon
Blue 3GA
Agarose 174 2.71 73.80 27.2 31

DE=-52
Cellulose
(Gradient) 150 .46 37.71 82.0 94

Sephacryl
5-200 35 0.97 256.7 264.7 304

Poly-Lysine
Sepharose 47 0.65 475.0 730.8 840

Thio-RCM
Lysozyne
Sepharose 27 0.06 72.3 1148 1320

Table Al

Table Al shows the results of the purification of
pTPIIIa from a total of 1200 g chicken embryos as starting
material. pTP activity was measured with 3¢P-labelled RCM
lysozyme as substrate, at a final concentration of 5 uM in the
assay mixture. The results presented are the average of
triplicate determinations.
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Table a2 Purification of pTPIIIb
Specific
Volune Protein  Activity Activity Purification

step _{ml) {mg/ml) (nm/ml/min) (nm/mg/min) (fold;

Cell
Extract 2400 11.21 9.76 0.87 —_——

DE-52
cellulose
(Batch) 2950 2.68 8.71 3.25 4

Cibracon
Blue 3GA

Agarose 146 2.23 76.70 34.4 40

Sephacryl
5-200 50 1.47 145.1 98.7 113

DE-52
Cellulose
(Gradient) 90 0.36 72.0 200 230

Poly-Lysine

Sepharose

Peak 1% 32 0.12 52.8 456 523
Peak 2 20 0.36 166.5 481 553

Thio-RCM
Lysozyme
Sepharcse* 25 0.073 70.6 967 1112

Table A2

Table A2 shows the results of the purification of
pTPIXIb from a total of 1200 g chicken embryos as starting
material. pTP activity was measured with 3<p-labelled RCM
lysozyme as substrate, at a final concentration of 5 uM in the
assay mixture. The results presented are the average of
triplicate determinations.

* Only the first peak of activity that eluted from the
poly-lysine was retained by, and subsequently eluted from the
thio-RCM lysczyme affinity column.
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Figure A3. SDS-PAGE Analysis of Purified pTPIIIa.

Aligouts of protein (2.5 pg) from each stage of
purification were separated by electrophoresis on a 10%
polyacrylamide as described in Materials and Methods. Protein
bands were visualized by staining the gel with coomassie
brilliant blue dve. Lane 1) DE-52 batch purified pTPIIIa; lane
2) Cibracon Blue 3GA agarose purified pTPIIIa; lane 3)
Sephacryl S-200 puriftied pTPIII; lane 4) DE-52 gradient
purified pTPIIIa laie 5) Poly-lysine Sepharose purified
pTPIIIa; lane 6) thio-rhosphotyrosyl-RCM lysozyme Sepharose
purified pTPIIYa. The arrows dencte the positions of the marker
proteins: phosphorylase b (92.5 kd, arrow a), bovine serum
albumin (67 k&, arrow b), ovalbumin (45 kd, arrow c), and
carbonic anhydrase (31 kd, arrow 4d).
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Fiqure A4. SDS-PAGE Analysis of Purified pTPIIIb.

Aligouts of protein (2.5 ug) from each stage of
purification were separated by electrophoresis on a 10%
polyacrylamide as described in Materials and Methods. Protein
bands were visualized by staining the gel with coomassie
brilliant blue dye. Lane 1) cell extract; lane 2) DE-52 batch
purified pTPIIIb; lane 2) Cibracon Blue 3GA agarose purified
pTPIII; lane 4) Sephacryl S-200 purified pTPIII; lane 5) DE-52
gradient purified pTPIIIb; lane 6) Poly-lysine Sepharose
purified pTPIIIb; 1lane 7) thio-phosphotyrosyl-RCM lysozyme
Sepharose purified pTPIIIb. The arrows denote the positions of
the marker proteins: phosphorylase b (92.5 kd, arrow a), bovine
serum albumin (67 kd, arrow b), ovalbumin (45 kd, arrow ¢), and
carbonic anhydrase (31 kd, arrow d).
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represented the same enzyvme but this remains to be verified.
Microsecquencing analysis of tryptic peptides derived form
pTPIXI and pTPIIIa will 1likely be required to resolve this
guestion.

The major protein band visualized following SDS-PAGE
analysis of affinity purified pTPIIIb preparations migrated at
an apparent molecular mass of approximately 85 kd (Figure A4,
lane 7). Boiling the samples for prolonged periods had no
effect on the pattern of protein bands observed on SDS-PAGE,
suggesting that dimerization, or aggregation, of the pTPIII
protein did not explain the presence of an 85 kd species.

The identity of the pTPIIIb species remains to be
established. It did appear to be different from the 85 kd
enzyme isolated by Singh (1990), as pTPIIIb does not require
divalent cations for activity. Once again, peptide sequencing
of pTPIIIb will help to resolve this question. Recently, cDNAs
defining two new subtypes of nonreceptor pTP have been
identified. One of the new subtypes was defined by the presence
of an $H2 domain, a domain conserved amongst proteins inveolved
in signal transduction (Shen et al., 1991), while the second
subtype was shown to contain a domain that is conserved amongst
cytoskeletal proteins involved in regulating cell shape (Yang
and Tonks, 1991; Gu et al., 1991). The molecular weights
predicted for these pTP subtypes were found te fall in the
range of 70-105 kd. It was possible that the pTPIIIb enzyme is

related to one of these recently identified nonreceptor pTPs.
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Protein samples of Poly-lysine Sepharose purified
PTPIIIa, pTPIIIb, and pTPIIIb' were also examined by SDS—PAGE.
Figure A5 shows the results of coomassie blue staining of a 10%
SDS-PAGE gel on which these protein samples were analyzed. It
appeared that pTPIIIb' may be similar to pTPIIXIa and pTPIII.
One of the major protein band present in the pTPIIIb’
preparation migrated at approximately 55 kd. This band appeared
to comigrate with the 58 kd band in the Poly-lysina: Sepharose
purified pTPIIIa sample. While there were protein bands of
higher molecular masses present in the pTPIIIb' preparation,
none of the bands appeared to comigrate with the 85 kd pTPIIIb
protein band. Multiple protein bands were observed within SDS-
PAGE analyzed samples of pTPIIIb' and thus the protein species
corresponding to pTPIIIL' remains unclear.

The true nature of the pTPITII, pTPIIIa, pTPIIIb,
pTPIIYb' enzymes, and their relationship to each other will
likely only be clarified by determining their individual amino
acid sequences or by molecular c¢loning of the cDNAs encoding
these enzymes. If the enzymes are in fact distinct, it should
be possible to generate specific antibodies against each enzyme
which could then be used to clone the respective cDNAs and
provide useful tools to investigate their functional.

The reasons for the differences in activity profiles
observed during large scale pTP purification have not been
resolved. This procedure has been performed twice and similar

results were obtained during both experiments. The resolution
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Figure AS5. SDS-PAGE Analysis of Poly-Lysine Sepharose Purified
pTPIIIa, pTPIIIb, and pTPIIIb'.

Aligouts of each partially purified protein (2.5 ug)
were separated by electropuoresis on a 10% polyacrylamide as
described 1in Materials and Methods. Protein bands were
visualized by staining the gel with coomassie brilliant blue
dye. Lane 1) Poly-lysine Sepharose purified pTPIIIb'; lane 2)
Poly-lysine Sepharose purified pTPIIIa; lane 3) Poly-lysine
Sepharose purified pTPIIIb. The arrows denote the positions of
the marker proteins: phosphorylase b (92.5 kd, arrow a), bovine
serum albumin (67 kd, arrow b), ovalbumin (45 kd, arrow c), and
carbonic anhydrase (31 kd, arrow d).
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of two pTP activities during the first experiment suggested the
possibility that proteolysis of pTPIII was contributing to the
change in profiles. During the second attempt, minor
modifications were made to the protocol in order to minimize
the possibility proteolysis over the course pTPIII
purification, particularly at the earlier stages. The results
of the second purification attempt indicated that proteolysis
of PpTPIII was not a major contributing factor to the
observation of multiple peaks of pTP activity during large
scale pTPIII purification.

It is possible that the columns used during small scale
preparations were overloaded, but this does not seem likely.
The volumes of resin, and salt gradients, used at each step of
the large scale purification were proportionally increased in
relation to those used in the small scale procedure, so as to
maintain the same ratio of volume of resin to protein
chromatographed. Thus, the columns used in the large scale
protocol should have been similarly overloaded, leading to the
same level of resolution.

In the original small scale protocol, the cell extract
was prepared by subjecting the homogenate to centrifugation at
40,000 x g, followed by a second centrifugation step at 100,000
X g. The second centrifugation step had to be eliminated in the
large scale protocol due to the large volume of homogenate
generated from 1200 g of chicken embryo boedies. Instead, fatty

material was removed by filtration through Whatman 114 filter
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paper. The different methods of preparing the cell extracts
could have contributed to the resolution of multiple peaks of
pTP activity. The 100,000 x g centrifugation step could have
resulted in the removal of certain pTP species from the cell
extracts used in small scale pTP purifications.

Finally, it 1is possible that a major factor
contributing to the different profiles was the use of 12 day-
old chicken embryos, instead of the previously used 11 day-old
embryos. It 1is possible that there are differences in the
number, and/or level, of pTP activities expressed in the later
stage embryos. Further experiments will be required to resolve
this question. It is possible that chicken embryo bodies at
different stages of development may serve as suitable starting

material for the purification of a variety of pTP activities.



